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for a thromboplastin reagent. Pre-adjusted to 
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content, Simplastin is instantly available for 
use merely with the addition of distilled water. 
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the packaging of liquid chemicals by volume 
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chemists plagued by many odd size 
bottles, as a result of packaging by 
weight. Because the verdict—78 per cent 
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purchases of a few sizes, with simplified 
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Techniques and solutions for the 
demonstration of fat in tissue have 
advanced markedly since the first use of 
oil soluble dyes for this purpose in 1896. 


Using alcohol as the solvent forthedye, 
early workers in many instances On 
dissolved out much of the fat present. 
Subsequently, solutions based on equal 
parts of 70% alcohol and acetone were 

used, and more recently solutions 50% 

to 60% isopropanol’ and ethylene glycol 

or propylene glycol’ have found favor. 


Advances in solutions have been 
paralleled by better techniques as 

well as the availability of a wider 
selection of fat stains. National has 
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Stains and Indicators to include 
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use for demonstrating fat in tissue. 
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Catalog Numbers: 


#673 —Sudan I #629*~— Sudan Black B 
#635*— Sudan Il #689 —Oil Red O 
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*Certified by the Biological Stain Commission 
1. Lillie, R. D., Histopathologic Technic 1948, 
pp. 157-160. 


2. Chiffelte and Putt, Stain Technology, 26:51, 
1951. 
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prothrombin time determinations . . . 
laboratory reports on which the phy- 
sician can depend without question... 


SOLU-PLASTIN 


(Thromboplastin Solution-Schieffelin ) 


to produce reproducible results, 


SOLU-PLASTIN Supplied in bottles of 10 cc. with like amount of 0.0125M : 
Colcigas Chloride Write for detailed literature. 


NEW|...CRP ANTISERUM: c-reactive Protein Antiserum, Schieffelin... 
for the determination of the acute inflammatory process as an evaluation 
of therapy in rheumatic fever and other conditions. Literature available on request. 
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and without 
any ripples 


Your view of specimens under the micro- 
scope can be distorted by cover glasses 
with imperfect surfaces. 

Besides distorting your view of size, 
number and shape, some cover glasses 
also distort colors with a greenish tint. 

You eliminate possible errors caused by 
surface imperfections and tinted cover 
glass when you use CORNING brand optical 
cover glasses. 

You can get these water-white glasses 
in Nos. 0, 1, and 2 thicknesses—in round, 
rectangular or square shapes. The glass 
has high chemical stability—is free of 
bubbles, seeds and striae. We maintain 
thickness and flatness within critical toler- 
ances. Your Laboratory or Hospital Sup- 
ply Dealer can furnish them. 


Standard Selected Microscope Slides 

You can get equally fine microscope 
slides. They're made of trade-marked 
Lustra Glass. Absolutely clear, free of 
any imperfections, corrosion resistant and 
accurately ground. 


“For laboratory use, the best is none too good” 


J. MELVIN FREED, Inc., Perkasie, Pa. 


Smooth surface Corninc brand optical cover 
glasses (four at left) reflect straight lines in true 
perspective. Note the distorted shadows on im- 
perfect surface of other glasses. 


Their uniform thickness (Micro, 0.96 - 
1.06 mm.; Lantern, 1.16 - 1.27 mm.) is 
not found in any other glass. 

You get them in hinged, metal-edged 
boxes wrapped in moistureproof, heat- 
sealed cellophane. The slides are carefully 
washed, dried and scrupulously selected, 
72 to a container. Ask your supplier for 
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FACTORS LEADING TO VARIATION IN CONCENTRATION OF “NEPHROTOXIC” 
ANTIGEN(S) OF GLOMERULAR BASEMENT MEMBRANE 


CECIL A. KRAKOWER, M.D. 
AND 


SEYMOUR A. GREENSPON, M.S. 
CHICAGO 


HE STUDY of the antigenic composition of organs and tissues, with the excep- 
tion of the constituents of blood, and free cells, such as spermatozoa, has been 
complicated by the admixture of various anatomical structures. Furthermore, such 
tissues and organs have not been too serviceable as test antigens in the employment 
of ordinary serologic methods, since they form unstable, and not very homogeneous, 
suspensions. Recourse to extracts has had worth while usage. However, the con- 
stituents of a tissue capable of being extracted by nondenaturing solvents form only 
a fraction, and at that a variable one, of the total tissue, particularly when one is 
dealing with poorly soluble intercellular matrices. Even the detection in vivo of 
antibodies to tissue components based on pathologic changes has had very limited 
applicability except where it pertains to tissue culture techniques and transplants. 
It is, therefore, not surprising to find that most immunologic studies of adult 
tissues, as well as of their ontogenetic precursors, have been concerned chiefly with 
qualitative antigenic similarities and differences. Little is known, however, to what 
extent tissue, or even, for that matter, cellular, antigens vary quantitatively under 
different conditions of normal and abnormal function. 

The use of the “nephrotoxic” antigen(s) has been most opportune in attempting 
to elucidate some of these problems. This antigen(s), in its most readily accessible 
form, is an integral component of the basement membrane of the glomerular capil- 
laries of the kidney.*: This membrane can be isolated as an anatomical unit virtually 
free of cellular contaminants. It has been shown to be related chemically to the col- 
lagens.* It is a membrane of extreme physiologic importance in renal filtration. 
Metabolically it probably has little activity,‘ in a manner comparable to collagens 
generally.’ Nevertheless, it can undergo sharp changes under morbid states, 
reflected in abnormal filtration as well as in morphology. This membrane, in all 
likelihood, contains few antigenic groups, for, aside from the “nephrotoxic” anti- 
gen(s), it apparently has antigens in common with renal tubular basement mem- 
brane and connective tissue collagens.t Furthermore, the heterologous serum 
developed against the “nephrotoxic” antigen(s) will consistently produce a diffuse 
glomerulonephritis in the donor species. We have found repeatedly that a minimum 


From the Department of Pathology, University of Illinois College of Medicine. 
This investigation was aided by Grant H-1623 from the National Institutes of Health. 
* References 2 and 3. 
+ References 6 through 8. 
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of approximately 5 mg. of normal adult canine glomerular basement membrane, or 
the equivalent of 0.02 mg. of basement membrane nitrogen, is necessary for the 
production of such an active serum in the rabbit. This constancy in the concentra- 
tion of “nephrotoxic” antigen(s) in normal adult glomerular basement membrane 
made it possible to determine whether the concentration might vary with experi- 
mentally induced pathologic states of the kidney and in the course of the develop- 
ment of this organ. 


PROCEDURE 


Adult Kidneys.—These kidneys were obtained aseptically, either at the time the dogs were 
operated upon or at the end of a given postoperative period. This period was generally after 
10 weeks. The kidneys were immersed in 0.85% saline in sterile glass containers. The con- 
tainers were sealed and stored at —15 C. It has been found that refrigeration of the kidneys 
for a week or longer without prior perfusion is an effective means of preparation for the 
subsequent removal of blood and plasma components. After refrigeration the red blood cells 
become fragile and are eliminated by the repeated washings (with 0.85% saline) of the isolated 
glomeruli or their membranes derived by sonic vibration. These products, after cleaning, invari- 
ably give a negative benzidine test for hemoglobin. It is also easier to isolate glomeruli free 
of contaminants from nonperfused refrigerated kidneys than it is from ones that have been 
perfused, 

Glomeruli were isolated from the kidneys in the manner described previously.’ In brief, this 
consisted of removing the containers with the kidneys from the refrigerator at —15 C. the 
evening before they were to be processed and placing them in a refrigerator at 0 C. All 
operations were performed in a sterile room at ordinary room temperature. The containers 
were brought to room temperature only as needed, so that at the time of processing, the kidneys 
were cold, but not solidly frozen. The kidney capsules were stripped. The kidneys were halved 
sagittally. The medullae were removed with forceps and curved ophthalmic scissors. The cortex 
was “buttered” through a sterilized 150-mesh Monel metal screen{ held taut in a special 
sterilized holder devised by one of us (S. A. G.). A flexible angled spatula was used for this 
purpose. The sievings were gently removed from the opposite surface of the screen with a 
separate sterile spatula and mixed with 0.85% saline in a sterile bowl placed under the holder. 
The suspension thus obtained was poured into a sterile test tube, which was corked and briskly 
shaken. Each kidney was processed separately, with use of a fresh screen for each and an indi- 
vidual numbered test tube. These tubes were centrifuged at 1,500 rpm for five minutes. The 
supernatant was discarded. The residue was shaken with isotonic saline and allowed to settle, 
while the tubes were kept in a chilled bath with ice. When settling of the glomeruli had occurred, 
the supernatant was withdrawn by suction. This process of resuspension, settling, and with- 
drawal by suction of the supernatant was repeated until by gross observation the suspension 
was made up of particles conforming in size and shape to glomeruli with no other contaminants. 
Samples from each tube were withdrawn with sterile precautions, placed on glass slides, cov- 
ered with a glass slip, and examined microscopically. Only preparations with no or minimal 
contaminants were accepted. The usable preparations were combined and centrifuged. The 
firmly packed glomeruli were drained and weighed. They were then resuspended in a given 
volume of saline. The number of glomeruli and any contaminants, such as free parietal cap- 
sules, tiny sectors of tubules, or equally small bits of cortex, were counted in a hemacytometer 
on the same basis as a white blood cell count, using a solution of methylene blue as diluent. 
The values were determined per cubic millimeter. The percentage of glomeruli retaining their 
parietal capsules was determined on an ordinary mount on a glass slide. At least 200 glomeruli 
were inspected to obtain this percentage. 

Neonatal Kidneys.—Kidneys were obtained from pups within the first 24 hours of life. They 
were removed aseptically. Their capsules were stripped. They were then immersed in sterile 
0.85% saline in test tubes. The tubes were corked, sealed with paraffin, and placed in the deep 


tF. P. Smith Wire and Iron Works, 2340 Clybourn Ave., Chicago. 
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freeze at —15 C. After freezing, all procedures were carried out as aseptically as possible in a 
cold room at 10 C., since these immature kidneys virtually liquefy once they have been brought 
to room temperature. The kidneys were kept frozen until the moment they were to be used. 
Hence, when removed from the deep freeze, they were stored temporarily either in a portable 
deep freeze unit or in an adjacent cold room at —10 to —15 C. 

The bevel of a Bard-Parker blade is 0.5 mm. wide. With use of the full depth of the 
bevel of the blade, supported by an appropriate handle, a primary layer was shaved from 
the frozen kidneys. This 0.5 mm. layer represented the approximate thickness of the neoforma- 
tive zone. A second layer, representing the midcortex, 0.5 mm. thick was then shaved. The kidney 
was then halved sagittally, and the juxtamedullary cortex was trimmed away from the medulla 
with curved ophthalmic scissors. These individual cortical shavings were placed in separate 
containers with sterile isotonic saline. They were repeatedly washed by centrifugation and 
decanting. They were then blended in a Waring Blendor for three to five minutes. The blended 
cortical material was again repeatedly washed and then packed by centrifugation, drained, 
and weighed. 

In isolating glomeruli from the neonatal cortex, the neoformative layer was always removed. 
Glomeruli were isolated from the combined midzone and juxtamedullary layers or from the 
latter only. The procedure that was followed corresponded to that described for the adult 
kidneys with the following exceptions: A 200-mesh Monel metal sieve was used in place of the 
150-mesh. In order to obtain accurate counts of the isolated glomeruli, the volume of isotonic 
saline added to the combined, packed, drained, and weighed product should not exceed 3 cc. 
Sterile silicone-coated pipettes (to reduce loss of glomeruli by adhesion to glass) were used in 
glomerular transfers and in aliquots withdrawn for inoculation of rabbits. 


General Considerations—In order to obtain glomerular basement membrane, the freshly 
isolated, cleaned glomeruli were sonically vibrated § for 20 minutes at a plate voltage of 130 
and an output of 130 to 150 volts.|| The vibrated glomeruli were centrifuged at 1,500 rpm for 
5 to 10 minutes. The opalescent supernatant was drawn off sterilely and saved for inoculation. 
The gray, translucent sediment was washed several times with saline and then packed by 
centrifugation, drained, and weighed. The weighed membranes were brought to volume, and 
aliquots were used for inoculation of rabbits. 

The aliquots of whole glomeruli, glomerular basement membrane, and vibrated super- 
natants were mixed with aluminum hydroxide jelly, prepared by the method of Tracy and 
Welker.® Equal parts of suspension and jelly were used. Albino rabbits, weighing 2,500 gm., 
were inoculated in each thigh with this suspension. They were bled from the heart at the end 
of three weeks. The serum was stored at —15 C. The serum from each rabbit was tested 
separately. Healthy medium-sized dogs of mixed breed, weighing 10 to 16 Ib. (4.5 to 7.3 kg.), 
were inoculated intravenously with 1.5 cc. of serum per pound. The dogs were killed on the 
seventh day after inoculation. Urine was withdrawn, and a qualitative test for protein was 
performed, using Exton’s reagent.'° Complete autopsies were performed. In all instances sec- 
tions of the kidneys were prepared for microscopic study. Careful microscopic studies of all 
organs were made in dogs with unilateral hydronephrosis and in pups which were inoculated 
with “nephrotoxic” serum. 


Chemical Analyses.—Nitrogen determinations on fat-free dried material were performed 
according to the micro-Kjeldahl procedure of Ma and Zuazaga.'! The ammonia was absorbed 
in boric acid according to Winkler’s procedure.'? Schneider's method, as modified in a later 
procedure, using hot perchloric acid in place of trichloroacetic acid, was used for the determina- 
tion of DNA (deoxyribose nucleic acid).'* The quantity of DNA was estimated by the spectro- 
photometric method of Dische,'* using diphenylamine. Phosphorus was determined according 
to the procedure outlined by Umbreit, Burris, and Stauffer..° Blood N. P. N. and plasma 
proteins were determined by the methods of Folin and Wu '* and an adaptation of Greenberg's 
method, respectively.17 


§ Magnetostriction Oscillator, Model S-102, 50 watt, Raytheon Mfg. Co., Waltham, Mass. 
|| Whenever possible, the vibration should be performed on the same day as that on which 
the glomeruli are isolated. 
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Mathematical Considerations—The amount of glomerular material lost to the supernatant 
after sonic vibration was determined by the difference in the original wet weight of the whole 
glomeruli and that of the wet weight of the sedimented basement membranes. 


In order to estimate the amount of basement membrane derived from the tufts of adult 
glomeruli in the total sediment after sonic vibrations, the assumption was made that the non- 
nephrotoxic parietal capsules! lost virtually none of their substance to the supernatant. The 
parietal capsules are lined by a single thin layer of parietal epithelium in the intact glomerulus. 


Fig. 1.—Upper, external and sectioned aspects of hydronephrotic kidney four weeks after 
ureteral ligation and one week after intravenous injection of “nephrotoxic” serum. Note absence 
of any gross features of glomerulonephritis. 

Lower, contralateral kidney, by contrast, showing numerous petechial hemorrhages over the 
cortical surface, in the figure to the left, and in the swollen, hemorrhagically streaked cortex 
and corticomedullary junction of the sectioned aspect, to the right. These are the classic gross 
features of “nephrotoxic” serum glomerulonephritis. 


These epithelial cells are readily lost when the parietal capsule is liberated. The thick parietal 
capsule on vibration yields largish, thick plates with little fragmentation into particles of such 
size as to remain in the centrifuged supernatant. The total number of parietal capsules bound 
to glomeruli or free was therefore multiplied by 0.16 7. The latter figure was obtained from 
many glomerular preparations of varying parietal capsular content derived from dogs of the 
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usual medium size and mixed breed used in the laboratory. The percentage which the total 
weight of parietal capsules represented in terms of the whole vibrated sediment was deducted 
from the values used for inoculation. The same fraction was applied in estimating the amount 
of nitrogen, since it has been found that the percentage of nitrogen of fat-free dried vibrated 
material seemingly was independent of the numbers of parietal capsules. 


The Positivity of a Serum.—lIn order to standardize our findings, serums which yielded 
scattered, and often sparse, glomerular lesions associated with no, or little, proteinuria were 
excluded. Only serums which yielded a more diffuse glomerulonephritis of the classic pro- 
liferative, exudative, and hemorrhagic type with, as a rule, a 1+ or greater proteinuria were 
accepted as positive. In general, if 60% or more of an adequate number of serums tested for 
any given inoculum were positive, that level of inoculum was regarded as a positive titer. 


OBSERVATIONS ON ADULT DOGS 


Unilateral Ureteral Ligation ——The right ureter was exposed a short distance 
beyond the hilus through a transperitoneal approach. A 1 to 2 cm. sector of the 


Fig. 2.—Microscopic appearance of hydronephrotic kidney, three weeks after ureteral ligation. 
Note the intact normal-appearing glomeruli, the dilated tubules, and the moderate degree of 
atrophy of the tubules elsewhere. Hematoxylin and eosin; « 68 


ureter was resected, and the proximal and distal ends were securely tied with cotton 
sutures. Groups of dogs so operated on were killed after either a 3- or a 10-week 
period. There were 24 dogs (20 female and 4 male) in the 3-week group, with an 
average weight of 13.5 Ib. (9.5 to 16.5 Ib.), or 6.15 kg. (4.3 to 7.5 kg.), and 33 dogs 
(26 female and 7 male) in the 10-week group, weighing 12.5 lb. (6.25 to 16.0 lb.), 
or 5.65 kg. (2.825 to 7.3 kg.). The moderately enlarged renal pelvis in the 3-week 
group contained 39.2 cc. of urine (15 to 150 ce.), whereas that of the 10-week group 
contained 115.6 cc. (39 to 260 cc.). 


The three-week hydronephrotic kidneys were fairly tense, with prominent 
branching collateral veins over their capsular surfaces. The sectioned surfaces, as 
seen in Figure 1, revealed a moderately widened pelvis with some absorption of the 
single pyramid. There was a ridge along the convex border of the kidney with 
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approximately seven ridges running at right angles to it on each half of the kidney. 
These represented medullary trunks ordinarily entering the single pyramid. These 
ridges were pale, with occasional splashes of red. At times they contained brownish 


Fig. 3.—To the left is a large, hydronephrotic kidney 10 weeks after ureteral ligation, with 
its contralateral mate to the right. Seven days after intravenous injection of “nephrotoxic” 
serum, the hydronephrotic kidney fails to show any gross evidence of glomerulonephritis, 
while the contralateral kidney, externally and on section, presents blotchy areas of hemorrhage 
characteristic of experimental hemorrhagic glomerulonephritis. 


deposits of hemosiderin. From the smooth, but thickened, pelvis near the hilus 
approximately six folds of mucous membrane emerged on each half of the kidney, 


tapering toward the convex ridge. These represented the usual pelvic extensions 
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about the medullary trunks as they enter the pyramid. There was deep hollowing 
of the columns of Bertini between the pelvic folds, and these columns were deep red. 
There was some reduction of the cortex, but with retained linear markings. The 
medulla was pale externally but pink to red toward the pelvis. Microscopically, 
these kidneys showed appreciable cortical atrophy in the hollowed and juxtahilar, 
anterior and posterior areas. There was better-preserved cortex overlying the 
medullary trunks and convex ridge, with dilated tubules often containing hyaline 
casts. The glomeruli were of almost normal appearance. There was little evident 
interstitial inflammatory cellular infiltrate (Fig. 2). 

The 10-week hydronephrotic kidneys were, as a rule, very large and tense (Fig. 
3). Capsular collateral veins were now considerably reduced in number and size. 
The external surface occasionally showed haustrations. The hugely enlarged pelvis 
presented a thin or thickish plateau over the convex area. The medullary trunks 


Fig. 4.—Microscopic appearance of hydronephrotic kidney 10 weeks after ureteral ligation. 
Note how the tubules are drawn outward, as are the glomeruli, to some extent. The latter 
show atrophic changes with some hydroglomeruli. Periodic acid-Schiff stain; x 68. 


were in large part flattened and absorbed. The pelvic folds were tented, often folded, 
and sometimes bifid or trifid toward the convex extremity. The mucous membranes 
were thick and opaque. The cortex on section was greatly reduced in thickness and 
fawn in color, with loss of markings. The thinned medulla was deep red or livid. 
Microscopically (Fig. 4), the thinned stretched cortex presented markedly atrophic 
tubules with wrinkled, folded tubular basement membranes, not all of which were 
PAS (periodic acid-Schiff stain)-positive. There were PAS-positive casts in 
atrophic tubules of the corticomedullary junction and in the medulla. The basement 
membranes of the tubules in the compressed medulla stained poorly or not at all 
with PAS. The atrophic giomeruli had thickened, wrinkled basement membranes, 
but the parietal capsules were not appreciably thickened. There were occasional 
hydroglomeruli of varying degrees, at times with very atrophic glomerular tufts 
pushed to one side within a greatly distended capsular space. The atrophic glomeruli 
appeared more cellular but still contained red blood cells in some or all of their 
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capillary lumens. Occasional better-preserved glomeruli were seen, at times even 
associated with fairly well-preserved convoluted tubules. As in the three-week 
hydronephrotic kidney, there was usually an absence of interstitial inflammatory 
cellular reaction quite in contrast with the frequency of such inflammatory processes 


Taste 1.—Principal Qualities of Kidneys and Glomeruli Derived from Them Three Weeks and 
Ten Weeks After Unilateral Ureteral Ligation , 


Three Weeks After Right 


Ten Weeks After Right 
Ureteral Ligation 


Ureteral Ligation 
— 


« 
Right Hydro Right Hydro- 
nephrotic Kidney Left Kidney nephrotie Kidney Left Kidney 
Av. wt. of kidney, gm....... 20.7 (16-34.5) 21.5 (15-29.1) 13.9 (8.5-23.6) 28.2 (19.8-53.8) 
Av. thickness of renal cortex, 
oes 0.4 (0,25-0.55) 0.7 (0.6-0.8) 0.2 (0.05-0.5) 0.6 (0.5-0.8) 
No. of isolated/ 
291,087 360,389 174,230 473,950 
Av. % of parietal capsules... 22.5 31.7 42.5 4 
% of tubular or cortical 
contaminants ............... Prep. 1:0 Prep. 1:0 Prep. 1:29.7 Prep. 1:0 
(used to titer (used to titer 
whole glomeruli) whole glomeruli) 
Prep. 2:0.8 Prep. 2:3.0 Prep. 2:0 Prep. 2:7.9 
(used to titer (used to titer 
basement basement 
membrane) membrane) 
Av. wt. of glomerulus, y..... 0.27 0.29 0.25 0.31 
Av. size of glomerulus in 
stained mounts of isolated 
glomerular preparations, a. 201.5 XK 160.5 202.5 K 164.0 143.5 & 108.5 226.5 K 177.5 
Av. volume of glomerulus, 
eu. obtained by hemato- 
2.2 10 19.5 10* 12.5 10* 19.3 10* 
Chemical composition, %, on 
fat-free dry wt. basis........ - — 0.98 phosph 1.2 phosphorus 
11.7 nitrogen 12.3 nitrogen 
4.95 DNA 46DNA 


Tasie 2.—Titer of 


Antiserums to Whole Glomeruli Isolated from Kidneys Three Weeks and 
Ten Weeks F ollewing Unilateral Ureteral | Ligation 


Ten Weeks After Right Ureteral Ligation 


Right Hydro- 
Lett Kidney nephrotic Kidney 
No. Positive Serums No. Positive Serums 
(No, Serums 


(No. Serums 


Amt. of Glomeru- 
lar Material 

Inoculated into 


rotie Kidney 
No. Positive Serums 
(No. Serums 


Lett Kidney 
No. Positive Serums 
(No. Serums 


Rabbits, Mg. Tested in Dogs) Tested in Dogs) Tested in Dogs) Tested in Dogs) 

5 - 2 (5) 1 

10 0 (2) 0 (2) 0 (6) 
15 2 5 (9) 6 (7)+" 4 (7) 
20 0 (4) 3 (9) 5 (5)+ 
25 8 (7) 10 (11)+ 4 (5)+ 2 

35 8 (5)+ 5 (5)+ 

5 (5)+ 3 (3)+ 5 (5)+ 

60-130 7 (7)+ 1 (2) 2 @)+ _ 


* + = positive titers. 


in the human hydronephrotic kidney. The marked thickening of the glomerular 
parietal capsule and arterial or arteriolar fibrosis common in the latter were largely 
absent in the dog. 

Data relevant to these two sets of experiments at the different time intervals are 
given in Table 1. 


Three Weeks After Right Ureteral I 
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It is apparent that in the first three weeks, despite the narrowing of the cortex 
in the hydronephrotic kidney, with associated parenchymal atrophy, there was rela- 
tively little difference in the aggregate size and weight of the isolated glomeruli and 
the size and weight of those of the opposite kidney. The latter presented little evi- 
dence of compensatory enlargement. 

On the other hand, 10 weeks after ureteral ligation, the very much reduced cor- 
tex was now associated with marked reduction in size and volume of the isolated 
glomeruli and a more evident degree of hypertrophy of the opposite kidney, both in 
terms of the weight of the whole kidney and of the size of the glomeruli isolated from 
the kidney. There was little difference in the chemical composition of these two sets 
of glomeruli. The markedly reduced numbers of glomeruli isolated from the 10-week 


TABLE 3.—Titer of Antiserums to Twenty-Minute Sonically Vibrated Glomeruli Isolated from 
Kidneys Ten Weeks After Unilateral Ureteral Ligation 


Hypertrophied Left Kidney 


Amt. Mem- Estimated Amt. “Estimated Amt. 

brane Material Glomerular Basement No. Positive Glomerular Basement No. Positive 
Inoculated into Membrane (Estimated Serums (No. Serums Membrane (Estimated Serums (No. Serums 
Rabbits, Mg. Nitrogen Content,Mg.) Testedin Dogs) Nitrogen Content, Mg.) Tested in Dogs) 

1.1 (0.006) 4 ()+" 2.0 (0.010) 3 (5)+ 

2.2 (0.011) 4 (5)+ 4.0 (0.020) 1 (5) 

4.4 (0.023) 3 (5)+ 8.0 (0.040) 4 ()+ 


Hydronephrotie Right Kidney 


Amt. 
Supernatant Material 
Representing Cellular 
Components Predomi- 

nantly Inoculated 
into Rabbits, Mg. 


125 


* + = positive titers. 


hydronephrotic kidneys were an index, in part, of the loss of glomeruli in vivo, as 
well as, probably, loss in their preparation, since the thinned cortex was exceedingly 
tough and fibrous and was processed with difficulty. 

At first, whole isolated glomeruli were titered for their “nephrotoxic” antigenic 
content. The results are presented in Table 2. 

These results showed an interesting trend. In the three-week period, the 
glomeruli from the nonhydronephrotic kidneys, which at this stage showed little 
compensatory hypertrophy, yielded serums with a positive titer at the level of 25 mg. 
Previous studies have shown that normal glomeruli with a parietal capsular content 
greater than 19% will consistently produce serums with positive titer within the 
range of 25 mg. The glomeruli from the three-week hydronephrotic kidneys, how- 
ever, despite a lower parietal capsular content, titered positively within the range 
of 35 mg., indicating a slight reduction in antigenic concentration. 

This trend, however, was reversed in the 10-week period, in which the glomeruli 
from the hydronephrotic kidneys, despite an inordinately high content of contami- 
nants and parietal capsules, yielded serums which titered positively at 15 mg., repre- 
senting a considerable increase in antigenic concentration. The glomeruli of the 
opposite, nonhydronephrotic kidneys, now showing evidence of compensatory hyper- 
trophy, presented an erratic end-point at 25 mg., although otherwise titering posi- 
tively within the expected range of 15 to 20 mg. for glomeruli with a content of 
parietal capsules of less than 19%. 
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The results obtained for the 10-week period were borne out by titering the 
glomerular basement membranes (Table 3). This was done in order to eliminate 
possible interfering factors due to the cellular components of the whole glomeruli. 
There were apparent changes in the relative proportion of cells to basement mem- 
branes, as exemplified by the more cellular appearance of the atrophic glomeruli in 
the hydronephrotic kidneys, and there might conceivably have been some changes 
in the “non-nephrotoxic” antigenic make-up of these cells which might have inter- 
fered with the production of antibodies to the “nephrotoxic” antigen(s) of the base- 
ment membrane. It was for this reason that in all subsequent experiments of 10 
weeks’ duration, glomerular basement membrane was used for the purpose of deter- 
mining the level of positive “nephrotoxic” antigenic titer. 

The glomerular basement membrane derived from the 10-week hydronephrotic 
kidneys showed a definite increase in “nephrotoxic” antigenic concentration with 
strongly positive serums, at the level of an estimated 1.1 mg. of basement membrane 
and nitrogen content of 0.006 mg., by comparison with the normal of about 5 and 
0.02 mg., respectively. The lowest limit of positive titer was not determined. The 
glomerular basement membrane from the opposite kidneys with compensatory 
hypertrophy showed erratic qualities, with a more definite level of positive titer at 
8 mg. of basement membrane and 0.04 mg. of nitrogen, indicating a reduction in 
antigenic concentration. 

The supernatants of centrifuged, sonically vibrated normal glomeruli, represent- 
ing the cellular components of the glomeruli with the inclusion of some basement 
membrane material, generally yield positive serums within the range of 75 to 125 
mg. or more. The positive values at 50 mg. for the glomeruli from the hydro- 
nephrotic kidneys were strongly indicative of increased fragility of the basement 
membranes of these atrophic glomeruli. 

Herdman and Jaco '* have recently shown by means of cineangiography that 
unilateral ureteral ligation in the rabbit leads to reduction in volume and rate of 
blood flow through the hydronephrotic kidney, increasing proportionally with the 
duration of the obstruction. Since the disturbed vascular flow is associated both 
with varied degrees of arterial ischemia and with obstruction to venous return, it 
was felt that these two elements should be investigated separately in attempting to 
interpret the above results. 


Renal Ischemia Induced by Clamping the Right Renal Artery.—In 17 dogs the 
right renal artery was constricted by means of a Goldblatt clamp to the extent of an 
average 3.8 full turns of the screw of the clamp. At the end of 10 weeks, the clamped 
kidneys were grouped into three categories, viz., markedly atrophic, mildly atrophic, 
and nonatrophic. The markedly atropic kidneys came from eight dogs (five female 
and three male), weighing 17.2 Ib. (13.0 to 21.5 Ib.), or 7.8 kg. (5.9 to 9.75 kg.) 
at the time of operation and 17.6 Ib. (12.5 to 22.0 Ib), or 8.0 kg. (5.65 to 10.0 kg.) 
at the end of 10 weeks. Their preoperative blood pressures varied from 121 to 138 
mm. Hg, with an average of 129 mm. Ten weeks postoperatively the average blood 
pressure was 153 mm. Hg (140 to 170 mm.). 

The markedly atrophic kidneys were very small, presenting grossly reduced 
pelves and thinned cortices. The latter appeared either brownish or of yellow 
necrotic character. There were at times whitish, scarred-appearing zones. The 
corticomedullary junction often showed fibrosis. The small meduila was opaque 
white, occasionally with a pink cast. Microscopically, there were extensive areas 
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Fig. 5.—Microscopic appearance of markedly ischemic kidney 10 weeks after clamping the ~ 
renal artery. Extensive subcapsular necrosis with acellular or parvicellular glomeruli but with 
well-defined collapsed basement membranes. Note the collapse and acellularity of the surrounding 
tubules. The juxtamedullary glomeruli are well preserved. 

Fig. 6.—Section from kidney treated as that in Figure 5, but showing diffuse, marked 
atrophy of tubular structures with intact mildly atrophic glomeruli. 

Fig. 7.—Microscopic appearance of mildly atrophic kidney 10 weeks after clamping the 
renal artery. Note subcapsular tubular and glomerular atrophy with well-preserved, more nor- 
mal cortex elsewhere. All hematoxylin and eosin; x 68. 
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of necrosis occupying either the full thickness of the cortex or its subcapsular por- 
tions. These necrotic areas were characterized by (Fig. 5) collapsed acellular or 
parvicellular glomeruli, in which, however, the basement membranes of the tufts 


Taste 4.—-Principal Qualities of the Kidneys and Glomeruli Derived from Them Ten Weeks 
After Clamping Right Renal Artery 


Corre- Mildly Corre- Corre- 
sponding 
Left 
Kidney 
24.1 
(18.9-29.1) 
Av. thickness of renal cortex, em 


Av. thickness of cortex and medulla, em. 

Avy. no. of glomeruli isolated from each 
kidne 

Av. % of parietal capsules 

% of tubular or cortical contaminants. . 

Av. wt. of glomerulus, + 


Av. size of glomerulus without parietal 
capsule in stained mounts of isolated 
glomerular preparations, « 


Estimated % of acellular or parvicellu- 
lar glomeruli “ } Negligible 


Taste 5.—Titer of Antiserums to Twenty-Minute Sonically Vibrated Glomeruli Isolated from 
Kidneys Ten Weeks After Clamping Right Renal Artery 


Markedly Atrophie Corresponding Mildly Atrophie Nonatrophic Corresponding 
Right Kidney Lett Kidney Right Kidney * Right Kidney Left Kidney 
Est. Amt. Est. Amt. Est. Amt. Est. Amt. Est. Amt. 
Glomeru- Glomeru- Glomeru- Glomeru- Glomeru- 
lar B. M.t No. Pos. .M. No. Pos, lar B. M. No. Pos. lar B. M. No. . lar B. M. No. Pos. 
(Esti- Serums esti- Serums (Esti- Serums  (Esti- (Esti- Serums 
mated (No. (No. mated (No. mated No. mated (No. 
Nitrogen Serums Nitrogen Serums Nitrogen Serums Nitrogen Nitrogen Serums 
Rabbits, Content, Tested Content, Tested Content, Tested Content, Content, Tested 
Mg. Mg.) inDogs) Mg.) inDogs) Mg.) inDogs) Mg.) inDogs) Mg.) in Dogs) 
2.5 2.2 1 (5) 15 2@) 1, 1 (4) 1.36 0 (3) 0 (2) 
(0.01) (0.006) (0,005) 
5.0 é 3 (5)+1 8.0 20) 3.8 2(3)+ 2.7 
(0.02) . (0.01) 
10.0 3 (5)+ 6.0 2 (5) d 1(2) 54 2 (3)+ 3.7 2 (2)+ 
(0.04) J (0.02) (0.02) 
15.0 2 (3)+ 9.0 2(3)+ 2 (2)+ 79 0 (2) 
(0.06) (0.08) 


0 (3) = 


Amt. of 

Supernatant 

Material Repre- 
senting Cellu- 

lar Compon- 

ents Predomi- 

nantly Inocu- 

lated into 
Rabbits, Mg. 
0 (2) 0 (2) 


198 2 (2)+ 0 (2) 


* Glomerular basement membrane from the corresponding left kidneys was not tested. 
+ B. M., basement membrane. 
3+, positive titers. 


were preserved, with no replacement whatsoever by fibrous tissue derived from 
the thin parietal capsule. The adjacent tubules likewise were acellular, with col- 
lapsed, folded, and wrinkled basement membranes. Few capillaries, fibroblasts, or 
histiocytes penetrated into this zone of necrosis, either from the renal capsule or 
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from the more viable, adjacent cortex. The non-necrotic areas were the seat of 
considerable atrophy (Fig. 6) with some calcific deposits in places. The glomeruli 
were mildly reduced in size, with moderately cellular-appearing tufts. The glomerular 
basement membranes appeared at times somewhat thickened, with some wrinkling 
and folding. For the most part, they appeared fairly normal. Red blood cells often 
filled the capillary lumens of these glomeruli. At times the tufts appeared to be 
irregularly filled with blood, or even to be bloodless. The atrophic tubules contained 
hyaline casts, which were PAS-positive. The medulla subtending areas of necrotic 
cortex presented collapsed, acellular tubular structures. The atrophic tubules in 
other areas contained casts. The main collecting ducts, even in necrotic zones, often 
presented a regenerated epithelium growing upward from the renal pelvis. Inter- 
stitial fibroblastic cells of the medulla were atrophic and distorted in the necrotic 
sectors but better preserved in the atrophic ones. Abundant iron deposits were 
demonstrable throughout the necrotic areas and in the viable cortex adjacent to 
these, where there were limited attempts at regeneration and repair. 

The mildly atrophic kidneys came from four dogs (three female and one male), 
with preoperative weight of 15.2 Ib. (12.0 to 18.5 lb.), or 6.9 kg. (5.4 to 8.4 kg.), 
and postoperative weight of 16.0 Ib. (9.0 to 21.5 lb.), or 7.3 kg. (4.1 to 9.75 kg.). 
Here, too, the average blood pressure rose from 122.5 to 144 mm. Hg. These kid- 
neys were a little smaller than normal and presented irregular areas of cortical 
atrophy, with, for the most part, well-preserved glomeruli and tubules (Fig. 7). 

The nonatrophic kidneys came from five dogs (two female and three male), with 
a preoperative weight of 19.3 Ib. (13.0 to 25.0 Ib.), or 8.75 kg. (5.9 to 11.3 kg.), 
and a postoperative weight of 20.8 Ib. (14.5 to 26.0 lb.), or 9.42 kg. (6.6 to 11.8 kg.). 
The average preoperative blood pressure was 131 mm. Hg and rose to 150 mm, Hg 
10 weeks postoperatively. These kidneys appeared normal grossly and micro- 
scopically. 

Data pertinent to these three sets of kidneys and the antigenic titers of the base- 
ment membranes of their isolated glomeruli are presented in Tables 4 and 5. 

Associated with marked renal atrophy there were fewer glomeruli that were 
isolated from each kidney. These glomeruli were appreciably smaller, and 40% of 
them were acellular or parvicellular. Despite this, their basement membranes yielded 
serums with positive titer within the normal range of 4.4 mg. with 0.026 mg. of 
nitrogen, although one would have expected a greater per cent of positive serums 
at the next higher level of 8.8 mg. The supernatant, as in the 10-week hydro- 
nephrotic glomeruli, again showed a tendency toward increased fragility of the base- 
ment membrane, permitting on sonic vibration more of this material to be liberated 
in small particle form into the supernatant than was the case with normal glomerular 
basement membrane. Mild ischemia, as represented by the mildly atrophic kidneys, 
had little effect on the concentration of “nephrotoxic” antigen(s). Curiously enough, 
in the arterially clamped nonatrophic kidneys, while positive titer was reached at 
5.4 mg. of basement membrane with 0.02 mg. of nitrogen, this was not maintained 
at the next higher level of titer, viz., 7.9 mg. with 0.03 mg. of nitrogen. 

The basement membranes from the enlarged glomeruli of the hypertrophied 
kidneys contralateral to the markedly atrophic ones now more clearly demonstrated 
a decreased concentration of “nephrotoxic” antigen(s), with a positive titer at 9.0 
mg. of basement membrane, or 0.06 mg. of basement membrane nitrogen, i. e., a 
twofold or threefold decrease in concentration. The serums derived from the base- 
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ment membranes of the nonhypertrophied glomeruli from the kidneys contralateral 
to the clamped nonatrophic ones yielded positive titers within the normal range. 

Renal ischemia alone, thus, had little effect in varying the “nephrotoxic” anti- 
genic concentration of glomerular basement membrane, although there was some 
tendency toward its reduction. 

In addition the renal artery was clamped and the ureter on the same side ligated. 
Two such groups were studied, three to six weeks postoperatively. In one group, 
of 19 kidneys with marked renal necrosis and atrophy, the kidneys weighed 8.1 gm. 
(4 to 18 gm.). The pelves contained 8.3 cc. of urine (2 to 15 cc.). Only 213,947 
glomeruli were isolated per kidney, and 50 to 55% of these were acellular or parvi- 
cellular. The isolated glomeruli on injection into rabbits yielded serums with a 
positive titer at the expected level for normal glomeruli with a corresponding per- 
centage of parietal capsules of 15 mg., but failed to maintain it at levels of 20 and 
25 mg. and only became positive again at 35 mg. The second group, of 12 kidneys, 
showed slighter degrees of necrosis but were more comparable in the degree of 
atrophy to the three-week hydronephrotic kidneys. The kidneys averaged 13.0 gm. 
in weight (7.8 to 19.6 gm.), and their pelves contained 13.0 cc. of urine (7.8 to 
19.6ce.). From each kidney, 253,750 glomeruli were isolated, and 5% of these were 
acellular or parvicellular. These glomeruli, despite a 19.5% parietal capsular con- 
tent, failed to yield serums with a positive titer even at 25 mg., i. e., at the highest 
level employed in this instance. 

The somewhat erratic behavior in antigenic content of glomerular basement mem- 
brane from arterially clamped nonureterally ligated kidneys and in that of glomeruli 
from clamped ureterally ligated and markedly atrophic and necrotic kidneys seemed 
to be due to a mechanism different from the more straightforward reduction in anti- 
genic concentration observed with glomeruli from three-week hydronephrotic kid- 
neys and those from the arterially clamped ureterally ligated ones with mild renal 
atrophy. It was clear, however, that the increased antigenic concentration of the 
glomeruli or their basement membranes derived from the 10-week hydronephrotic 
kidneys could not be explained by the same mechanisms applicable to either of the 


above. 


Inferior Vena Cava Constriction.—In seven dogs (six female and one male), 
weighing 18.6 Ib. (14.0 to 21.0 Ib.), or 8.44 kg. (6.4 to 9.5 kg.), at the time of 
operation, the inferior vena cava was constricted above the level of the renal and 
adrenal veins, in the immediate subhepatic region. The vena cava was wrapped 
with dicetylphosphated Cellophane { cut into a narrow strip 8 to 8.5 in. (20.3 to 
21.6 cm.) long. An aluminum band was applied about the Cellophane wrapping to 
maintain the desired degree of constriction. A biopsy specimen of the left kidney 
was taken, During the ensuing 10 weeks neither peripheral edema nor ascites devel- 
oped, and the weights of the dogs remained fairly constant, averaging 19.5 lb. (15.0 to 
24.0 Ib.), or 8.85 kg. (6.8 to 10.9 kg.), at the time they were killed. The veins of 
the hindlimbs and of the abdomen were prominent. Venous pressures taken from a 
vein of the hindleg rose from a preoperative level of 6.5 cm. (3.0 to 10.8 cm.) of 
6% sodium citrate to 20.4 cm. (18.6 to 22.2 cm.) 2 weeks postoperatively, 17.7 
cm. (14.6 to 21.2 cm.) 5 weeks postoperatively, and 18.3 cm. (14.0 to 23.2 cm.) 
10 weeks postoperatively. Three of the dogs had proteinuria. The average diameter 
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of the inferior vena cava prior to constriction was 1.05 cm. (0.85 to 1.2 cm.). It 
was reduced to 0.49 cm. (0.42 to 0.55 cm.) at the time of operation. At the time of 
autopsy the constricted portion of the vena cava measured 0.9 cm. in circumference 
(0.7 to 1.2 cm.), while caudal to the constriction the vena cava measured 2,2 em. in 
circumference (1.4 to 3.0 cm.). There were no significant microscopic differences 
between the biopsy and autopsy renal specimens except for vascular congestion in 
the latter. 

The inferior vena cava-constricted kidneys yielded, on the average, 546,428 
glomeruli per kidney, with 19.4% parietal capsules and 3.3% tubular and cortical 
contaminants. Each glomerulus weighed 0.24 y. The average size of the glomerulus 
with its parietal capsule, in paraffin-embedded sections of kidney, was 159.4 by 


TABLE 6.—Titer of Antiserums to Twenty-Minute Sonically Vibrated Glomeruli Isolated from 
Kidneys Ten Weeks After Inferior Vena Cava Constriction and 
from Comparable Control Kidneys 


Inferior Vena Cava Constriction Norma! Controls 


Estimated 


Amt. of 
Membrane 
Material 
Inoculated 


into 
Rabbits, Mg. 

2.5 

5.0 

10.0 


Estimated 
Amt. of Glomeru- 
lar Basement 
Membrane (Esti- 
mated Nitrogen 
Content, Mg.) 
1.8 (0.009) 

3.6 (0.018) 

7.2 (0.086) 


No. Posi- 
tive Serums 
(No. Serums 

Tested in Dogs) 
5 (5)+* 
(5)+ 


Amt. of Glomerular 
Basement Membrane 
(Estimated 
Nitrogen Content, Mg.) 

13 
26 


No. Positive Serums 
(No, Serums Tested in Dogs) 


A B © 
0 (4) 0 (4) 1 (4) 


5.2 (0.022) 


0 (4) - 1 (4) 


2 (3)+ 


5 
5 (5)+ 
15.0 10.8 (0.054) 3 (3)+ 7.8 (0.081) - 3 (3)+ 
Amt. of 
Supernatant 
Material Rep- 
resenting Cellu- 
lar Components 
Predominantly 
Inoculated into 
Rabbits, Me. 


125 


* + = positive titers. 

130.2 » for the biopsy specimens and 154.8 by 129.6 » for the 10-week vena cava- 
constricted ones. There was, therefore, no increase in size resulting from venous 
congestion over this period. The average size of the unencapsulated glomeruli from 
the vena cava-constricted kidneys in stained mounts of the isolated preparation was 
215 by 165 y, i. e., within the range for normal glomeruli isolated and measured in 
similar fashion in other experiments. 

Three sets of isolated normal glomeruli were sonically vibrated and their base- 
ment membranes titered for “nephrotoxic” antigenic concentration as controls for 
the vibrated glomeruli from the vena cava-constricted kidneys. The control glomer- 
uli were derived from kidneys which yielded 473,000 (A), 500,000 (B), and 
588,889 (C) glomeruli per kidney with 29.3, 6.0, and 41.0% parietal capsules and 
5.4, 0, and 15.1% contaminants, respectively. The glomerular weights were 0.25, 
0.26, and 0.22 y, respectively. 

The results are listed in Table 6. 

There was marked increase in “nephrotoxic” antigenic concentration of the 
glomerular basement membranes of the vena cava-constricted kidneys. All the 
serums were very strongly positive, including those at the lowest level tested, viz., 
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1.8 mg. of basement membrane with only 0,009 mg. of nitrogen. The lowest limit 
of positive titer was not determined. By contrast, normal glomerular basement mem- 
branes yielded serums with positive titer within the expected range. Of 12 serums 
derived from 1.3 to 2.4 mg. of basement membrane, only 1 was positive, and of 8 
at the next higher level, of 2.6 to 3.3 mg., only 1 was positive. 
It would appear, therefore, that the increased concentration of “nephrotoxic” 
antigen(s) in the glomerular basement membrane of the 10-week hydronephrotic and - 
the inferior vena cava-constricted kidneys was associated with a common underlying 
mechanism. 


Taste 7.—Principal Qualities of Kidneys and Glomeruli Derived from Them Ten Weeks After 
Right Nephrectomy 


Normal Hypertrophied 
Right Kidney Left Kidney 
GE, OF 18.9 (13.0-26.3) 25.6 (17.1-87.5) 


representing an 
increase of 35.4% 


No. of glomeruli 508,333 525,000 
% of tubular or cortical contaminants.................... 24 3.9 
Av. size of glomerulus with parietal capsule in stained 


mounts of isolated glomerular preparations, g........ 191.5 166.5 207.5 


TABLE 8.—Titer of Antiserums to Twenty-Minute Sonically Vibrated Glomeruli Isolated from 
Kidneys Ten Weeks After Right Nephrectomy 


Normal Right Kidney 


Hypertrophied Left Kidney 


Amt. of Estimated Amt. Estimated Amt. 
Membrane of Glomerular No. Posi- of Glomerular No. Posi- 
Materiai Basement Membrane tive Serums Basement Membrane tive Serums 
Inoculated into (Estimated Nitro- (No. Serums (Estimated Nitro- (No. Serums 
Rabbits, Mg. gen Content, Mg.) ‘Tested in Dogs) gen Content, Mg.) Tested in Degs) 
2.5 1.4 (0,004) 0 (4) 1.0 (0.006) 0 (4) 
5.0 2.8 (0,008) 0 () 2.0 (0.012) 0 (5) 
10.0 6.6 (0.016) 8 (5)+" 4.0 (0.024) 1 @) 
16.0 8.4 (0.024) 1@) 6.0 (0.086) 1 (3) 


Amt. of 
Supernatant 
Material 
Representing 
Cellular Com- 
ponents Predomi- 
nantly Inoculated 
into Rabbits, Mg. 


0 (2) 1@) 
125 2 (2)+ 0 (2) 


* + = positive titers. 


Aside from the straightforward reduction in antigenic concentration observed . 
with the slighter degrees of hydronephrosis (as exemplified by the three-week 
unilateral ureteral ligation and the mildly atrophic kidneys resulting from three- 
to six-week unilateral ureteral ligation combined with renal arterial clamping), 
there appeared to be a tendency toward a similar reduction in the case of glomeruli 
or their basement membranes derived from the compensatory hypertrophied kidneys. 
This reduction was indefinite and erratic in the case of the delayed hypertrophy 
in the 10-week hycronephrotic series, where it was felt that the enlarged hydro- 
nephrotic sac, either by pressure on the opposite renal vein or through reflex 
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mechanisms, might have interfered to some extent with the blood flow to the opposite 
kidney. In the case of the hypertrophied kidneys corresponding to the markedly 
atrophic and necrotic ones resulting from arterial clamping, there was, however, 
a more distinct reduction in antigenic concentration. It was, therefore, with that in 
mind that it was thought desirable to determine whether compensatory renal hyper- 
trophy uninfluenced by the presence of one diseased kidney would more clearly 
indicate any variation in the antigenic concentration of the glomerular basement 
membrane. 


Unilateral Nephrectomy.—Six dogs (five female and one male), weighing 14.9 
Ib. (11.0 to 16.5 Ib.), or 6.76 kg. (5.0 to 7.5 kg.), had their right kidneys removed. 
Ten weeks later, at the time of killing, the dogs weighed 19.1 lb. (14.0 to 27.0 Ib.), 
or 8.65 kg. (6.4 to 12.2 kg.). The pertinent data are recorded in Table 7. 

The rabbit antiserums to the sonically vibrated glomerular sediments and super- 
natants titered as shown in Table 8. 

These results indicate that the basement membrane of normal glomeruli yielded 
positive serums within the expected range of 5 mg. and 0.02 mg. of nitrogen. The 
serums derived from the basement membranes of the hypertrophied glomeruli, 
however, failed to titer positively at 6 mg., or at 0.04 mg. of nitrogen, indicating a 
loss in antigenic content of the specific “nephrotoxin.” The serums from the super- 
natants of the sonically vibrated normal glomeruli titered positively within the 
expected range of 125 mg. The fact that the serums of the supernatants from the 
hypertrophied glomeruli failed to yield a positive titer at 125 mg. may indicate either 
the usual expected variation or, possibly, a decreased fragility of the basement 
membranes. 


Unilateral Nephrectomy and Partial Corticectomy of the Contralateral Kidney. 
—TIn order to place the maximum amount of work upon the glomeruli, the left 
kidney was removed. At the same time, in order to avoid the complications of 
seepage of urine from the renal pelvis when a heminephrectomy is performed, the 
cortex alone was removed from the lower half of the right kidney. A ligature was 
placed around the right renal vascular pedicle and was drawn taut to control bleed- 
ing. The cortex was then incised and removed with forceps and small curved scissors 
right down to the distinct red corticomedullary junction or to the gray medulla. 
The cortical strips were collected and weighed. The denuded surfaces were covered 
with a thin layer of Gelfoam. The ligature on the pedicle was slowly released. 
Oozing through the Gelfoam promptly ceased, and the kidney was gently replaced in 
its bed. Eleven female dogs were so operated upon. The average weight of these dogs 
at the time of operation was 14.7 Ib. (12.0 to 19.0 Ib.), or 6.68 kg. (5.4 to 8.6 kg.). 
Ten weeks later, at the time of killing, these dogs weighed 16.0 Ib. (12.0 to 24.5 Ib.), 
or 7.3 kg. (5.4 to 11.1 kg.). 

During this 10-week interval the following observations were made: Two weeks 
postoperatively the average daily urinary output of seven dogs was 365 cc. (310 to 
505 cc.), with a specific gravity of 1.023. Faint amounts of protein were detectable 
in the urines of three dogs. The average femoral blood pressure of 10 dogs was 
134.5 mm. Hg (129 to 140 mm.). Six weeks postoperatively the daily urinary out- 
put of five dogs was 290 cc. (140 to 450 cc.), with a specific gravity of 1.023. Three 
dogs had a faint proteinuria. The blood pressure of 10 dogs at this time averaged 
131.2 mm. Hg (128 to 136 mm.), and the serum nonprotein nitrogen in four dogs 
was 144 mg. per 100 cc. (120 to 162 mg.). The values in these four dogs dropped 
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to 102 mg. per 100 cc. of nonprotein nitrogen four wecks later. Eight weeks post- 
operatively the blood pressure of nine dogs was 131 mm. Hg (128 to 134 mm.). 
At the end of 10 weeks the nonprotein nitrogen determined in 10 dogs averaged 116 
mg. per 100 ce. (90 to 127 mg.), and the blood pressure in 11 dogs averaged 136 mm. 


Fig. 8.—External and sectioned aspects of partially corticectomized kidney 10 weeks after 
unilateral nephrectomy and partial corticectomy of contralateral kidney. Note that the corticec- 
tomized sector appears as an appendage to the remaining hypertrophied sector of kidney. 


Fig. 9.—Microscopic appearance of normal kidney to the left, and that of the hypertrophied 
sector of the partially corticectomized kidney shown in Figure 8 to the right. Note the more 
widely spaced glomeruli and greater abundance of tubular structures in the hypertrophied 
cortex. Hematoxylin and eosin; « 42. 


Hg (122 to 143 mm.). There was, therefore, a good urinary output of high specific 
gravity and no elevation in blood pressure but appreciable azotemia. 

The appearance of the partially corticectomized kidney 10 weeks postoperatively 
is demonstrated in Figure 8. The corticectomized sector shrank, forming an append- 
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age to the hypertrophied cranial portion of the kidney. Grossly, the cortex was 
absent, and a thin fibrous scar formed a smooth pseudocapsule. Microscopically, 
only a few juxtamedullary glomeruli were identified here and there in the outer, 
scarred area. The medulla in this corticectomized region was reduced in thickness. 
There were collapsed tubules lined by atrophic cells, with condensation of the peri- 


Tasie 9.—Principal Qualities of Kidneys and Glomeruli Derived from Them Ten Weeks After 
Left Nephrectomy and Partial Corticectomy of Right Kidney 


Partially 
Corticeetomized 
Normal Hypertrophied 
Left Kidney Right Kidney 


Av. amount of cortex removed, gm 5.9 (2.9-10.0) 
Estimated 54.6% of 


original amount of 
cortical substance 
No. of glomeruli isolated/kidney......................6.55. 613,636 221,428 
% of parietal capsules 37 7 
% of tubular or cortical contaminants........ ...... 18 None 
Av. wt. of glomerulus, + 0.27 0.36 


Av. size of glomerulus without parietal capsule in stained ? 
mounts of isolated glomerular preparations, ¢ 222.5 & 175.5 237.5 & 183.5 


Tasre 10.—Titer of Antiserums to Twenty-Minute Sonically Vibrated Glomeruli Isolated from 
Kidneys Ten Weeks After Left Nephrectomy and Partial Corticectomy of Right Kidney 


Partially Corticectomized 
Normal Left Kidney Hypertrophied Right Kidney 


Amt. of Estimated Amt. Estimated Amt. 
Membrane of Glomerular No. Posi- of Glomerular No. Posi- 
Material Basement Membrane tive Serums Basement Membrane tive Serums 
Inoculated into (Estimated Nitro- (No. Serums (Estimated Nitro- (No. Serums 
Rabbits, Me. gen Content, Mg.) Tested in Dogs) gen Content, Mg.) Tested in Dogs) 


2.5 1,35 (0.005) 0 (4) 2.85 (0.011) 0 (5) 
5.0 2.70 (0.009) 0 (4) 4.70 (0.022) 0 (5) 
10.0 5.40 (0.018) 4 (4)+* 9.40 (0.044) 8 (5)+ 
15.0 8.10 (0.028) 3 (3)+ 14.10 (0.066) 8 (3)+ 


Amt. of 
Supernatant 
Material 
Representing 
Cellular Com- 
ponents Predomi- 
nantly Inoculated 
into Rabbits, Mg. 


126 


* + = positive titers. 


tubular connective tissue. The main collecting ducts were fairly well preserved. 
PAS-positive casts were present in the atrophic tubules at the corticomedullary 
junction. There was PAS-positive material in the cells of the collecting ducts and 
pelvic epithelium. Iron deposits occurred in the operative zone and in the sclerosed 
medulla. The noncorticectomized portion of the kidney revealed hyperplasia of the 
convoluted tubules in terms of increased length and size (Fig. 9). The lumens 
of these tubules were widened. Afferent and efferent arterioles were wider and 
more prominent than in the normal kidney. There was little evident change in 
thickness of the glomerular basement membrane. 

419 


| 
0 (2) 0 (2) 
1 (1)+ 1 : 


A. M. A. ARCHIVES OF PATHOLOGY 


The data relevant to the kidneys of this experiment are recorded in Table 9. 
The renal cortex, on the average, represents 60% of the total weight of the normal 
kidney, On the assumption that the right and the left kidney weighed about the 
same at the time of operation, the percentage of cortical material removed could be 
roughly estimated. Approximately 5.9 gm., with a range of 2.9 to 10.0 gm., of 
cortex were removed, representing 54.6% of the total amount of cortical substance 
of the remaining kidney. 

The hypertrophied sector of the partially corticectomized kidney had a cortex 
averaging 0.8 cm. in thickness, i. e., 0.1 to 0.2 cm. thicker than the normal cortex. 
The glomeruli were only modestly enlarged but appreciably heavier. The yield 
of glomeruli, although less than the expected half, represents, however, only 18% 
of the estimated total number of glomeruli in the previously existent intact two kid- 
neys. It is remarkable that with such a small percentage of total glomeruli these dogs 
were able to eliminate an abundant volume of urine of high specific gravity. This 
amount, however, was inadequate to maintain a normal blood nonprotein nitrogen. 
These dogs showed no obvious evidences of uremia and, in fact, gained weight dur- 
ing the postoperative period. 

The rabbit antiserums to the sonically vibrated sediments and supernatants of 
the isolated glomeruli of these kidneys titered as shown in Table 10. 

Normal glomerular basement membrane again yielded serums with positive titer 
within the expected range of 5 mg. with 0.02 mg. of nitrogen. The basement mem- 
brane of the hypertrophied glomeruli, however, showed distinct reduction in anti- 
genicity, yielding serums with positive titer between 9.4 and 14.1 mg., or between 
0.04 and 0.07 mg. of nitrogen. This represented a decrease in concentration of the 
“nephrotoxic” antigen(s) of from twofold to threefold. The supernatants in both 
preparations behaved in the expected fashion. 

It seemed safe to conclude that compensatory renal hypertrophy was associated 
with reduction in “nephrotoxic” antigenic concentration of the glomerular basement 
membrane. 

In order to establish some basis for the decreased antigenic concentration of 
glomerular basement membrane under certain circumstances, an increase under 
others, and, again, slight and erratic variations under a third set of conditions, it 
was felt that as background material it was essential that we determine whether any 
such variations existed in developing glomeruli during the formative stage of the 
kidney. If these variations under induced experimental conditions were due to 
altered blood flow and pressure relationships as they relate to tension or lateral 
forces exerted upon the basement membrane of the unsupported glomerular capil- 
laries, then the fetal hemodynamic flow of blood, with its lower arterial pressure and 
diminished volume, should reflect a difference in the concentration of “nephrotoxic” 
antigen(s) within the fetal glomerular basement membrane. 

In order to simplify the problem of procurement of material, it was decided to 
use kidneys from newly born pups, generally obtained within a few hours after birth. 
As it turned out, for even these limited experiments, 780 neonatal kidneys were 
required, 


Observations on Neonatal Kidneys.—The neonatal kidney is admirably adapted 
to the study of the concentration of “nephrotoxic” antigen(s) as it pertains to 
growth and development of this organ. Its cortex can conveniently be divided into 
three zones (Fig. 10). There is a neoformative layer, approximately 0.5 mm. thick, 
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in which there are developing and newly formed glomeruli surrounded by embryonic 
tubules. This zone rapidly decreases in size and disappears within 10 days to two 
weeks postnatally. Next to it there is a midzone, about 0.5 mm. in thickness, in 
which the glomeruli gradually increase in size. Their tufts become more apparent, 
and the capillaries are a little wider and better filled with blood. The glomeruli are 
still rather cellular in appearance, however, largely as a result of cells between the 
capillary loops. The glomerular basement membrane is thinner than in the maturer 
glomeruli of the juxtamedullary zone. The visceral epithelial cells are now a little 
farther apart and are flatter as compared with their close-set, tall, columnar quality 
and little cytoplasm in the immature glomeruli in the neoformative zone. In this 
midzone the labyrinth about the glomeruli is now made up of differentiated tubules. 
The 0.5 mm. or so of the juxtamedullary portion of the cortex includes maturer 
glomeruli, approaching adult size and form in the deepest tier. These are more 
widely dispersed, in a more abundant labyrinth. There are approximately 7 or 8 


TaBLe 11.—Titer of Antiserums to Cortical Shavings from Neoformative, Midsone, and 
Juxtamedullary Layers Respectively of Neonatal Kidney 


Neoformative Layer, Midzone Layer, Juxtamedullary Layer, 
Amt. of No. Posi- No. Posi- No. Posi- 
Material tive Serums tive Serums tive Serums 
Inoculated into (No. Serums (No. Serums (No. Serums 
Rabbits, Mg. Tested in Dogs) Tested in Dogs) Tested in Dogs) 
2 (8) 0 (3) 
2 (7) 2 () 
4 (5)+* 1 (5) 
3 (4)+ 
2 (5) 3 (4)+ 
9 (18)+ 


* + = positive titers. 


tiers of glomeruli in the whole neonatal cortex, as compared with 9 or 10 in the 
adult, with 2 or 3 tiers in each of the above zones. There are approximately three 
times as many glomeruli in the neoformative as in the juxtamedullary cortex per 
unit area and about twice as many in the midzone as in the juxamedullary portion 
of the cortex. The formed immature glomeruli in the neoformative zone measure 
69.6 by 43.6 » in stained sections, excluding the capsular space, whereas in the adult 
kidney the glomeruli next the cortex corticis measure 116.0 by 97.8 ». In the same 
way, in the midzone the glomeruli measure 84.4 by 55.0 », while in a corresponding 
site in the adult cortex they measure 118.0 by 99.8 ». The largest juxtamedullary 
glomeruli in the neonatal cortex measure 118.6 by 90.8 », while those in the adult 
cortex measure 140.2 by 118.2 p. 

In order to determine whether there were any detectable differences in the anti- 
genic concentration of the glomeruli in these different layers, the shavings from these 
three different zones were tested after being duly processed, as detailed in the pro- 
cedure. On the average the neoformative layer yielded 53.7 mg. per kidney (26.7 to 
76.2 mg.), the midzone 36.2 mg. (23.7 to 49.6 mg.), and the juxtamedullary zone 
169.6 mg. (96.1 to 293.8 mg.). The results are tabulated in Table 11. 

The neoformative layer contained about three times the number of glomeruli as 
the juxtamedullary portion of the cortex, although these glomeruli were about half, 
or less, the size of the maturer glomeruli. Furthermore, since these were contained 
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within an amount of cortex one-third that of the juxtamedullary zone, it is clear 
that for any unit amount of material injected, there would be nine times the number 
of neoformative glomeruli, or, roughly, four times the amount of glomerular mate- 
rial in terms of equivalent size as compared with that in the juxtamedullary cortex. 
Despite this, the neoformative layer yielded serums with positive titer between 1.5 
and 2.5 gm., while that of the juxtamedullary layer did so at 300 to 350 mg. It is 
certain that, even at that, increasing numbers of glomeruli from the midzone were 
included with the increasing amounts of neoformative cortex used for injection. 

The concentration of “nephrotoxic” antigen(s) in the formative and immature 
glomeruli of the neoformative zone must be very low indeed. 

By contrast, the glomeruli of the midzone, now presenting qualities compatible 
with function in terms of serving as filtering units and with maturer cortex about 
them, contained an appreciable amount of “nephrotoxic” antigen(s), but less than 
that in the juxtamedullary zone. The midzone contained roughly twice the number 
of glomeruli in a fourth or fifth of the amount of cortex as did the juxtamedullary 
zone. These glomeruli were about two-thirds or so the size of the larger juxtamedul- 
lary glomeruli. For any given unit amount there were, roughly, in terms of equiva- 
lent size, six times as much glomerular material in the midzone as in the juxtamedul- 
lary zone. Since the former yielded serums with positive titer at 200 to 250 mg. 
and the latter at 300 to 350 mg., it seems reasonable to assume that the glomeruli 
of the midzone contained a lower concentration of antigen(s). 


It would appear, therefore, that the glomerulus acquires an appreciable concen- 
tration of “nephrotoxic” antigen when it assumes the appearance of a functional 
filtering unit, i. e., at a time when intracapillary blood pressure and flow are pre- 
sumably such as to permit these functions. Furthermore, the concentration increases 
as the glomerulus enlarges and matures—in other words, where pressure and flow 
are greater. 


Attempts were then made to titer the amount of antigen(s) in whole glomeruli 
isolated from these portions of the neonatal cortex in order to compare them with 
adult glomeruli. It was found impossible to isolate glomeruli from the neoformative 
layer, since the embryonic tubular structures came through the sieve with facility 
equal to that of the glomeruli. The same was also true for the thin shavings of the 
midzone. It was only by cutting away midzone and juxtamedullary cortex, or the 
latter alone, from the medulla, and thus obtaining larger continuous pieces, that one 
could attempt to isolate glomeruli. Even at that, it proved to be a formidable task 
to obtain clean preparations, and the yields were exceedingly small. We had, there- 
fore, to be content to use preparations with a higher percentage of tiny tubular and 
bits of cortical contaminants than was customary with such preparations from adult 
kidneys. 

The five samples of glomeruli obtained from the combined midzone and juxta- 
medullary zone contained on the average 17.6% contaminants, while 14.9% (6 to 
29% ) of the glomeruli retained their parietal capsules. The average weight of the 
glomerulus was 0.07 y (0.03 to 0.09 y), i. e., approximately one-third or one-fourth 
that of an adult glomerulus as determined in the usual preparations with varied 
proportions of parietal capsules. Five samples of glomeruli isolated from the 
juxtamedullary layer alone contained an average of 15.4% contaminants, and 
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Fig. 10 (Upper left).—Microscopic section of neonatal cortex in a normal pup a few hours 


after birth. Note the neoformative layer in the upper third of the photograph. The midzone 


occupies the middle third, and the juxtamedullary zone, the lower third. Hematoxylin and 
eosin; x 100. 


Fig. 11 (Upper right) —Five-day-old pup inoculated intravenously 24 hours after birth with 
5 cc. of lyophilized “nephrotoxic” serum, the equivalent of 20 cc. of serum. Microscopic appear- 
ance of the cortex of the kidneys showing enlargement and increased cellularity of the glomeruli 
in the juxtamedullary zone, with slight to mild involvement of the lower tiers of glomeruli in the 
midzone. Hematoxylin and eosin; x 100. 


Fig. 12—Enlargement of the juxtamedullary glomeruli in Figure 11 showing some fibrinous 
and hemorrhagic exudate over the medial aspects of the two glomeruli and the avascular and 


cellular appearance of the tufts. Note hemorrhagic casts in the contiguous tubules. Hematoxylin 
and eosin; 270. 
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11.1% (6 to 17%) of the glomeruli retained their parietal capsules. The average 
weight of a glomerulus was 0.08 y (0.07 to 0.11 y), with an average volume of 
35 & 10° cu. p, i. e., approximately 1/10 that of the adult glomerulus. 

Since there appeared to be no significant difference in the titers of the isolated 
glomeruli from the combined midzone and juxtamedullary zone and from the juxta- 
medullary zone alone, although this absence was due in part to a smaller number of 
trials than was desirable, the combined results are presented in Table 12. 


Taste 12.—Titer of Antiserums to Glomeruli Isolated from Midsone and Juxtamedullary 
Zone of Neonatal Cortex 


Amt. of Glo- No. Posi- 
merular Material tive Serums 
Inoculated into (No, Serums 
Rabbits, Mg. Tested in Dogs) 
1 (6) 
20-25 


* + = positive titers. 


Tasie 13.—Titer of Antiserums to Twenty-Minute Sonically Vibrated Glomeruli Isolated from 
Mid- and Juxtamedullary and Juxtamedullary Cortical Layers of the Neonatal 
Kidney Respectively 


Mid- and Juxta- 
medullary Zones, Juxtamedullary Zone, 
Amt. of Mem- No. Posi- No. Posi- 
brane Material tive Serums tive Serums 
Inoculated into (No. Serums (No. Serums 
Rabbits, Mg. Tested in Dogs) Tested in Dogs) 

2.5 _ 0 (3) 

6.0 0 (4) 0 (10) 

10.0 0 (5) 3 (8) 

14.0 1 


Amt. of Supernatant 

Material Representing 

Cellular Components 

Predominantly Inoeu- 
lated into Rabbits, Mg. 


35 
75 


* + = positive titers. 


On a weight basis, the level of serums with positive titer at 70 to 75 mg. is con- 
siderably greater than would be expected if these immature glomeruli had the same 
concentration of “nephrotoxic” antigen(s) as the adult ones. Adult glomeruli with 
such a low parietal capsular content yield serums with positive titer at a level of 
15 to 20 mg. 

The immature glomeruli have a greater degree of cellularity than the adult and, 
accordingly, have a higher density, as indicated by their weight and volume rela- 
tionships. Chemical analyses of the isolated neonatal glomeruli likewise indicated 
the higher proportion of cellular elements by a somewhat increased content of phos- 
phorus and DNA as compared with that of the adult. The values on a fat-free dry 
weight basis were 1.3% of phosphorus, 13.1% of nitrogen, and 5.12% of DNA 
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(compare with figures in Table 1). It was for this reason that the neonatal glomeruli 
were sonically vibrated for 20 minutes and the sediment representing basement mem- 
branes, in great part devoid of cellular constituents, was titered: The results are 
given in Table 13. 

Owing to small yields, particularly from the juxtamedullary cortex, it was dif- 
ficult to obtain adequate material to test higher levels of titer. Nevertheless, while 
for glomeruli with low parietal capsular content in the adult the positive titer of 
serums prepared against its basement membrane (uncorrected for its parietal cap- 
sular content) is 5 to 10 mg., the less mature glomeruli included in the midzone and 
juxtamedullary zone combined failed to yield serums with positive titer even at 15 
mg. The supernatant again presented features indicating increased fragility of the 
basement membrane of these immature glomeruli. 

The maturer glomeruli from the juxtamedullary zone failed to yield serums 
with positive titer at 10 mg. but might have at 15 mg. It is evident that there is a 
somewhat decreased concentration of “nephrotoxic” antigen(s) in the maturer 
glomeruli of the neonatal kidney than in the kidney of the adult. There was little 
indication that the basement membrane, which is thicker in the maturer glomeruli, 
showed any tendency toward increased fragility. 

In order to establish these views concerning the rise in antigenic concentration 
with presumed glomerular function and the increasing concentration thereafter as 
the glomerulus matures, the distribution of glomerular lesions was studied in pups 
injected intravenously with rabbit anticanine glomerular “nephrotoxic” serum. At 
the same time appropriate controls were injected with isotonic saline or normal 
rabbit serum. To assure ourselves that adequate nephrotoxic antibodies would 
reach all levels of the glomeruli in the neonatal cortex, a small amount of Evans 
blue was injected intracardially into pups. They were killed immediately there- 
after. The kidneys were fixed and sectioned. The dye was found to be distributed 
throughout the cortex, including the neoformative zone, indicating a rapid and dif- 
fuse flow of blood. Likewise, Fergusson * has recently shown that India ink injected 
into the aorta of neonatal kittens and rabbits will immediately flush the nephrogenic 
cortex and that traces of the ink can be discerned even in the S-shaped developing 
glomeruli in that zone of cortex. For this reason, varied amounts of antiserum were 
injected, including lyophilized serum so diluted that the 5 cc. injected actually repre- 
sented 20 cc. of “nephrotoxic” serum. This amount was used in order to assure an 
excess of antibodies over and above that which might be taken up by the maturer 
glomeruli with a greater flow of blood through them or that which might be bound 
or lost in extrarenal sites. 

Of seven pups one day old, weighing 334 gm., four were injected with 0.85 cc. 
of “nephrotoxic” serum and three with 5 cc. of lyophilized “nephrotoxic” serum. 
They were killed two to seven days later, weighing on the average 283 gm. All 
developed glomerulonephritis, with loss of weight and a 1+ to 2+ proteinuria. The 
glomeruli involved were those in the first three juxtamedullary tiers, with little 
or no involvement of the remaining tiers in the midzone. The glomeruli in the 
neoformative zone were never affected. The involved glomeruli presented consid- 
erable or some degree of enlargement, with endothelial and, to some extent, visceral 
epithelial hypertrophy and proliferation, resulting in decreased vascularity of the 
tufts. There was little exudate in the capsular spaces, but in the immediate juxta- 
medullary glomeruli there were occasionally necroses and thromboses of the tufts. 
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The adjacent tubules contained hemorrhagic casts (Fig. 11). By contrast with 
“nephrotoxic” serum glomerulonephritis in the adult dog, there was (1) the limited 
distribution of lesions to the juxtamedullary glomeruli, so that the external surfaces 
of the kidneys at no time showed petechial hemorrhages, (2) limited exudative and 
hemorrhagic phenomena, principally in the largest juxtamedullary glomeruli, and 
(3) the much earlier onset of the disease, within 48 hours after injection, by con- 
trast with the five- to seven-day period in the adult animal. This short latent period 
is more in keeping with that seen in the rat, where the nephritic process sets in 
shortly after injection of rabbit antirat kidney serum, as demonstrated by Masugi,”° 
Smadel and Farr,** Heymann and Hackel,** and Lippman and associates.** The 
control animals showed no such lesions. 

Four pups, 2 days old, weighing 278 gm., were inoculated with 4.2 cc. of 
“nephrotoxic” serum. They were killed five to seven days later, weighing 273 gm. 
Here, too, the juxtamedullary three or four tiers of glomeruli were affected, while 
the outer four or five tiers were uninvolved. All pups had proteinuria. The serum 
N. P. N. values were elevated from a normal of about 31 mg. per 100 cc. to 45 up 
to 60 mg. per 100 cc. The plasma proteins dropped from 4 gm. per 100 cc. to 3.35 
to 3.75 gm. per 100 ce. 

Thirteen pups, 3 days old, weighing 340 gm. (180 to 490 gm.), were inoculated 
with amounts of “nephrotoxic” serum varying from 0.75 to 2.5 cc., including 4 
animals inoculated with 5 cc. of lyophilized “nephrotoxic” serum. These were killed 
four to eight days later, weighing 325 gm. (150 to 510 gm.). Nine control animals, 
with a starting weight of 288 gm. (150 to 400 gm.), during the same experimental 
period gained weight up to an average of 420 gm. (120 to 600 gm.), except for one 
animal, whose weight dropped from 150 to 120 gm. Here, again, only the juxta- 
medullary four tiers of glomeruli were principally affected in the experimental ani- 
mals, in the same manner as described for the one-day-old pups. Most of tHe experi- 
mental animals developed proteinuria, and there was an elevation in the N. P. N. 
in the few for which this value was determined. 

On the other hand, six pups, 36 days old, weighing 1,400 gm. and inoculated 
with 6.3 to 10.5 cc. of “nephrotoxic” serum in two consecutive daily injections, 
were observed to have developed (when killed on the seventh day) diffuse glomer- 
ulonephritis involving all glomeruli, as in the adult. Their average weight at that 
time was 1,660 gm. The renal cortex measured about 3 mm. in thickness, as deter- 
mined in paraffin sections with a cortex corticis about 0.25 mm. in thickness. The 
same diffuse glomerulonephritic changes were observed in three young dogs, 71 
days of age, weighing 4.0 to 5.3 Ib. (1.8 to 2.42 kg.), seven days after intravenous 
inoculation with 20 cc. of “nephrotoxic” serum. The renal cortex at this age in fixed 
sections approached that of the adult, measuring 4.0 to 4.8 mm., with a cortex 
corticis of 0.4 to 0.5 mm. 

In none of these animals were there visceral lesions attributable to the “nephro- 
toxic” serum, except those in the kidney. 

In evaluating these results, it is essential to bear in mind that the “nephrotoxic” 
antibodies are largely removed from the circulation within 15 to 20 minutes after 
injection, as shown through different experimental procedures by Sarre and Wirtz,* 
Kay.” Pressman and his co-workers,} Lippman and associates,"® and, recently, 


* References 24 and 25. 
+ References 27 and 29. 
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Rother.** Most of these antibodies are taken up by the glomeruli. Furthermore, 
it requires an active flow of blood through the glomeruli if they are to absorb an 
adequate number of antibodies. This requirement was clearly shown by Sarre and 
Wirtz* ; for when the artery of one kidney was clamped for 15 minutes and “nephro- 
toxic” serum injected at the time the clamp was applied, the clamped kidney failed 
to develop glomerulonephritis but the opposite kidney did. In other words, the 
normal kidney had removed most of the antibodies, leaving too few to affect the 
clamped kidney, after the clamp had been removed. Nevertheless, with the pre- 
cautions taken here to supply an excess of “nephrotoxic” antibodies, even though 
the greater volume of blood flow is through the juxtamedullary glomeruli, the results 
appear to be confirmatory of those obtained by directly titering the antigenic content 
of the neonatal glomeruli. There is good evidence, therefore, that the concentration 
of “nephrotoxic” antigen(s) increases with maturation of the glomeruli; i. e., there 
is an increasing number of antigenic sites within the glomerular basement membrane 
to which circulating antibodies can become attached. 

A similar approach was tried in adult dogs in an attempt to confirm the findings 
of variation in “nephrotoxic” antigenic concentration of glomerular basement mem- 
brane under different experimental conditions, This was attempted in animals with 
unilateral hydronephrosis, only to meet with the problem of adequate circulation 
through the hydronephrotic kidney, as indicated above. Thus, three three-week 
unilateral hydronephrotic animals were inoculated intravenously with rabbit anti- 
canine glomerular basement membrane serum at the rate of 1.5 cc. per pound. They 
were killed seven days later. The hydronephrotic kidneys failed to demonstrate 
any glomerulonephritic lesions grossly (Fig. 1). Microscopically, there were no or 
minimal glomerular lesions. The nonhydronephrotic kidneys presented classic gross 
and microscopic features of hemorrhagic glomerulonephritis. With a view to per- 
mitting the maximum number of antibodies to reach the hydronephrotic kidney, 
the vascular pedicle of the opposite, unaffected kidney was clamped in two 3-week 
and one 10-week unilateral hydronephrotic animals. The “nephrotoxic” serum was 
administered intravenously, as above, while the animals were under anesthesia. 
The clamp was removed at the end of 30 minutes. The animals were examined 
seven days later. In general, the hydronephrotic kidneys again showed few or no 
glomerular lesions, but in the less atrophic areas there were mild proliferative 
changes or even, at times, some capsular exudate, while the nonhydronephrotic 
kidneys showed classic glomerulonephritis in two animals and mild diffuse glomer- 
ulonephritis in one (Fig. 3). On the assumption that the raised intrinsic pressure 
within the kidney might interfere with the proliferative and exudative responses 
even though the glomeruli had absorbed an adequate number of antibodies, the con- 
tents of the hydronephrotic kidney were removed in one 10-week unilateral hydro- 
nephrotic animal. The renal pedicle of the opposite kidney was clamped and 
“nephrotoxic” serum injected intravenously. The clamp was removed after 30 
minutes. Seven days later the hydronephrotic sac had partially refilled. The 
glomeruli in the more markedly atrophic areas were unaffected. In the less atrophic 
zones there were some proliferative glomerular changes with, in some instances, 
necrosis of loops and some capsular exudate. The opposite kidney showed classic 
glomerulonephritis. Here, too, in all these animals there were no visceral lesions 
except in the kidneys. 
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It was clear, therefore, that no matter whether the glomerular basement mem- 
brane had apparently acquired more “nephrotoxic” antigen(s), a3 in the 10-week 
hyéronephrotic kidney, or had temporarily lost some, as in the -3-week hydro- 
nephrotic one, unless there was an adequate volume of blood flow through the 
glomeruli, there would be no way of demonstrating these variations by their ability 
to react to varying concentrations of “nephrotoxic” antibodies. For those kidneys 
with unimpeded circulation, as in compensatory hypertrophy following unilateral 
nephrectomy, with or without combined contralateral corticectomy, or in the group 
with inferior vena cava constriction, it was felt that it was not practical to work 
with dogs in order to elicit these differences in antigenic concentration. This must 
await trials in smaller experimental animals, such as rats. 


COMMENT 


There is substantial evidence from the present findings that the concentration of 
“nephrotoxic” antigen(s) in the glomerular basement membrane is subject to 
quantitative variation. It would be most logical to attempt to explain these varia- 
tions on the basis of physical and chemical alterations within the basement mem- 
brane secondary to alterations in pressure and flow of blood within the glomerular 
capillaries. The glomerular capillaries are unique, since they are virtually unsup- 
ported structures projected into a capsular space. They lack the connective tissue 
and parenchymal supports common to capillaries elsewhere. Furthermore, intra- 
glomerular capillary blood pressure exceeds that within capillaries elsewhere, being 
double, or more, that given for capillaries in tissues. 

Burton ® has recently studied the tension which develops within the walls of 
larger blood vessels, with variation in blood pressure and volume flow. He has 
found that Laplace’s Law, relating tension directly to the product of pressure within 
and the radius of a tube conducting fluid, pertains, in the main, to these larger blood 
vessels but is not applicable to ordinary capillaries. It may be different in the case 
of glomerular capillaries, however. Since the variation in radius of the glomerular 
capillaries would be very small, the tensior. within the basement membrane would 
vary directly with the pressure within the capillaries. 

If the results of the present experiments are viewed in the light of tension devel- 
oped within the glomerular basement membrane and intrinsic physical and chemical 
adjustments thereto, it would appear that increased concentration of antigen is asso- 
ciated with increased tension. Thus, with constriction of the inferior vena cava 
the elevated renal venous pressure should logically lead to an increase in intra- 
glomerular capillary pressure and to a certain amount of slowing of blood flow, 
resulting in increased lateral pressure. In the case of the 10-week hydronephrotic 
kidney not only is there the element of marked disturbance in venous return, but, in 
addition, the high intrinsic pressure developed within the renal substance is enough 
in itself to place the membranes on stretch. This is evident if the large hydro- 
nephrotic kidney is fixed prior to release of the fluid. Under those circumstances 
histologic sections clearly demonstrate elongation and distortion of the glomeruli, 
as well as of the tubules. 

By the same token, decreased tension within the glomerular basement membrane 
would be associated with decreased concentration of “nephrotoxic” antigen(s). In 
the case of the neonatal glomeruli it is logical to assume that the increasing size of 
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the glomeruli from neoformative to juxtamedullary zone is associated with increased 
volume of blood flow and, probably, intrinsic pressure which, even in the most 
mature ones next to the medulla, are in all likelihood less than those in the adult. 
This is an instance in which tension placed upon the membrane can to some extent 
be correlated with its thickness, since the glomerular basement membrane of the 
more immature glomeruli is clearly thinner than that of the maturer ones. In 
the adult, however, except for the apparent thickening and folding of the mem- 
brane in the atrophic glomeruli of the 10-week hydronephrotic kidney and for 
the somewhat similar change in some of the glomeruli in the markedly ischemic 
kidneys, there was no correlation between concentration of “nephrotoxic” anti- 
gen(s) and thickness of the basement membranes. Minor changes of that type 
in the absence of glomerular atrophy could, however, be readily missed, since it 
is difficult to measure the thickness of the membrane accurately. It has been esti- 
mated that the blood flow in the compensatory hypertrophied kidney following 
unilateral nephrectomy in dog and in man may be increased to the extent of 70 to 
100% of what it was formerly.** This large increase in blood flow through the 
glomeruli might very well be associated with a sharper drop in pressure from affer- 
ent to efferent arterioles and with increased velocity of flow. These factors are 
operative in reducing lateral pressure upon the walls of blood vessels. For the three- 
week hydronephrotic kidneys the reduction in concentration can, again, be explained 
on a similar principle. In the early development of hydronephrosis there is increas- 
ing intrarenal pressure to the point where it almost becomes equivalent to the dif- 
ference between intraglomerular capillary pressure and the osmotic pressure of 
plasma protein, thus reducing the filtration pressure. It is clear that, if tension on 
the basement membrane is in great part due to the differences between intraglomer- 
ular capillary blood pressure and capsular or intrarenal pressure, elevating the latter 
will serve to buttress, or support, the capillaries and thus diminish tension within 
the basement membrane, even though as a result of interference, particularly with 
venous flow, there may be increased intraglomerular pressure. As, however, more 
fluid accumulates in the later phases of hydronephrosis, the actual intrarenal pres- 
sure is such as to stretch and deform the glomeruli at a time when ischemia is not 
so profound as in the clamped renal arterial experiments, to be discussed below. 


The minor variations in antigenic concentration with ischemia induced by 
clamping the renal artery have not been as easy to explain. With mild, irregular 
atrophy and in those instances with little atrophy of the kidneys, there is no reason 
to doubt that there has been, at least within a 10-week period, readjustment of 
circulation so that there has been little alteration in intraglomerular hemodynamics 
from that of the normal. With intense ischemia one must assume that, where the 
glomeruli have undergone necrosis with loss of their cellular elements but mainte- 
nance of their basement membranes, these membranes have retained their original 
fixed amount of antigen(s). This is compatible with the view that it requires an 
adequate blood flow for metabolic changes of any order to take place in the mem- 
brane. In the absence of such blood flow neither an increase nor a decrease in anti- 
gen(s) would be expected. However, the remaining, somewhat atrophic, glomeruli, 
representing 60% of the total, associated with a degree of renal atrophy considerably 
greater than in the three-week hydronephrotic kidney, would be expected to show 
in over-all titer a greater decrease in concentration of antigen(s). There is at least 
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one factor that might be concerned with the lack of this expectation. Renal ischemia 
of the order induced here is undoubtedly associated with a fall in intrarenal pressure. 
There is divergence of opinion as to the extent of change in intrarenal pressure with 
varied degrees of venous obstruction and arterial ischemia as recently expressed by 
Swann, Moore, and Montgomery ** and by Gottschalk.** Nevertheless, when 

arterial ischemia is such as to produce necrosis and profound atrophy, both groups 

of investigators would agree that there is an appreciable reduction in intrarenal ‘ 
pressure, This reduction would in part counteract the diminished tension within 

the basement membrane occasioned by the lowered intraglomerular capillary pres- 

sure of the surviving glomeruli. It is possible, too, that the expected reduction in > 
volume and rate of blood flow might be of such degree as to reduce the metabolic 

activity of the membrane to the point where there may be little change in antigenic 
concentration. 


While little is known about the role of the “nephrotoxic” antigen(s) of the 
glomerular basement membrane in the development of spontaneous glomerulo- 
nephritis, it is nevertheless of interest to draw attention to the following possible 
correlations: It has been shown here that venous congestion is associated with 
increased concentration of the “nephrotoxic” antigen(s). It is possible that the 
elevated venous pressure so commonly accompanying subacute bacterial endocar- 
ditis may in some way, as in the manner described above, render the glomeruli more 
susceptible to the development of the frequently associated glomerulonephritis in 
this disease. The same principle may influence the occurrence of glomerulone- 
phritis in conjunction with large femoral arteriovenous fistulae produced in dogs 
by Lillehei and associates.** 

On the other hand, the reduction in “nephrotoxic” antigen(s) associated with 
compensatory renal hypertrophy may serve as a protective mechanism against the 
development of glomerulonephritis. The conjunction of the infrequency in humans 
of unilateral hypertrophied kidneys and the relative infrequency of spontaneous 
glomerulonephritis makes it unlikely that a body of statistical evidence could be 
collected to demonstrate the above point. There are, however, only two case reports 
in the literature that we have been able to find in which diffuse glomerulonephritis 
occurred in a unilateral hypertrophied kidney only. In Fahr’s *’ case there was 
atrophic hydronephrosis of the contralateral kidney, and in Paul’s,** an old throm- 
botic occlusion of the renal artery with atrophy of the contralateral kidney. The 
advantage of a decreased antigenic concentration with compensatory hypertrophy 
could, however, be offset by more antibodies being brought to the glomerular sites 
by the larger volume of blood flowing through these kidneys. 


CONCLUSIONS 


The concentration of “nephrotoxic” antigenjs) in the glomerular basement 
membrane of the developing kidney in the dog increases commensurate with the 
maturation of the glomeruli. The concentration is presumably very low in the forma- 
tive glomeruli of the nephrogenic zone. It rises abruptly when the glomeruli become 
capable of functioning as filters in the midzone of the neonatal cortex and has appar- 
ently not quite reached adult levels in the larger glomeruli of the juxtamedullary 
zone, 
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The concentration of “nephrotoxic” antigen(s) in adult canine glomerular 
basement membrane is apparently increased more than threefold to fivefold by 
venous congestion and in the presence of marked hydronephrosis. It is decreased 
twofold to threefold, or more, in association with compensatory renal hypertrophy. 
There is only slight reduction in concentration with marked ischemia, induced by 
clamping the renal artery. 

These variations in concentration of the “nephrotoxic” antigen(s) are thought to 
be the result of physical and chemical changes within the glomerular basement mem- 
brane, stemming from altered tension created within it by changes in pressure and 
flow relationships. For these variations to occur there must be a fairly adequate 
blood supply, since profound ischemia apparently inhibits metabolic changes within 
the basement membrane, fixing the amount of antigen at its original level. 

Two additional findings are of interest: 


(a) There is a much shorter latent period in the development of “nephrotoxic” 
serum glomerulonephritis in the newborn than in the adult dog. 


(b) There is increased fragility of the glomerular basement membrane accom- 
panying immaturity and atrophy of the glomeruli. 


Mr. A. Goode gave technical assistance. 
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EFFECTS OF GLUCOCORTICOIDS AND MINERALOCORTICOIDS ON 
DEHYDROGENASE ACTIVITY OF ADRENAL SLICES 
In Vitro Experiments with Control and Tumor-Bearing Mice 
MAURICE M. BLACK, M.D. 
AND 
FRANCIS D. SPEER, M.D. 


With the Technical Assistance of Jean Watts, B.A., and Phyllis Brenowitz, B.A. 
NEW YORK 


HE ABILITY of surviving tissue slices to reduce 2, 3, 5-triphenyltetrazolium 

chloride (TTC) to a red water-insoluble formazin has been employed to mea- 
sure in vitro dehydrogenase activity quantitatively and to visualize such activity his- 
tochemically.'. Such techniques have been applied to the problem of adrenocortical 
metabolism in health and disease.* More recently we have reported a study of the 
in vitro endogenous dehydrogenase activity of adrenal slices from control and tumor- 
bearing mice.* As judged by the endogenous reduction of TTC, the adrenal slices 
from male and female control mice differed from each other and from females bear- 


ing spontaneous mammary carcinomas. The pertinent findings included a slighter 
degree of dehydrogenase activity in the zona glomerulosa and zona reticularis of 
adrenal slices from the female controls than from the male controls, whereas adrenal 
slices from female tumor-bearing mice possessed a well-defined dehydrogenase 
activity in the zona glomerulosa and zona reticularis, as well as some increase in such 
enzymatic activity in the zona fasciculata. 


In order to explore this line of study further, it seemed pertinent to determine 
the direct effects of various steroid hormones on the in vitro dehydrogenase activity 
of adrenal slices in control and tumor-bearing mice. While the zona fasciculata is 
generally held to be concerned with glucocorticoid production under the direct 
trophic control of the anterior pituitary, there is evidence that the zona glomerulosa 
is more concerned with salt-water metabolism and pessesses a greater degree of 
autonomy.’ It therefore seemed advisable to initiate the study by determining the 
effects of cortisone (Compound E. of Kendall) and Compound F (17-hydroxy- 
corticosterone), potent glucocorticoids, as well as desoxycorticosterone acetate 
(DOCA), a synthetic mineralocorticoid, on the in vitro dehydrogenase activity of 
adrenal slices. 


From the Department of Pathology, New York Medical College, Flower and Fifth 
Avenue Hospitals. 

The investigation was supported by the Helen Andreadis Foundation, Inc., and the Leu- 
kemia Research Foundation, Inc. 
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Our findings provide further evidence of differences in the metabolic activity of 
the adrenals of male and female control mice, as well as indication of functional 
changes in the metabolism of the adrenals of female mice bearing spontaneous mam- 
mary tumors. 


MATERIAL AND METHODS 


In the present study three series of CFW mice were employed. They consisted of 29 control 
nongravid females weighing 20.8 to 32.4 gm. (mean weight, 25.8 gm.), 19 control males 
weighing 23.6 to 41.7 gm. (mean weight, 30.4 gm.), and 20 non-gravid females bearing spon- 
taneous mammary tumors. The tumor mice weighed between 26.3 and 45.4 gm. (mean weight, 
34.9 gm.), while the tumor weights varied from 0.1 to 4.4 gm. (mean weight, 1.4 gm.) except- 
ing one tumor, which weighed 12.0 gm. 

The animals were killed by rapidly crushing the cervical spine. The adrenals were then 
removed, gently cleared of their surrounding fat, and bisected with a razor, and one-half of an 
adrenal was placed in the appropriate incubation solution. 

The incubation solution employed for the determination of the in vtiro endogenous dehy- 
drogenase activity consisted of 3 ml. of a 1% aqueous solution of TTC buffered to pH 7.2 
and 1 ml. of 0.9% sodium chloride. In the studies with the steroid hormones, 1 ml. of a super- 
saturated aqueous solution of crystalline hormone} was substituted for the isotonic saline. The 
final mixture thus obtained yielded a fine dispersion containing approximately 0.45 mg. of 
cortisone acetate, 0.21 mg. of desoxycorticosterone acetate, and 0.1 mg. of Compound F in the 
respective incubation media. Measurement of the pH of the various incubation media yielded 
values of 7.2, with the exception of the solution containing Compound F, of which the pH was 7.1. 

After incubation for one hour at 37 C., the reactions were stopped by fixing the tissues in 
10% formalin. The tissues were allowed to fix overnight, during which time they were stored 
in the dark. The prolonged fixation was employed to facilitate the preparation of frozen sections 
and did not alter the appearance of the formazin deposition. After fixation, frozen sections 
were prepared. In almost all cases four sections from each adrenal slice were examined. A 
direct visual comparison was then made of the intensity of the dehydrogenase activity in the 
various zones of the same section and between the endogenous activity and that observed in 
the presence of the steroid hormones studied. In addition, color photomicrographs were taken 
of each case, so that a permanent record was available for further study. 

It is pertinent to state that in our previously reported studies of mouse adrenal slices we 
had compared the appearance of the gland after routine hematoxylin and eosin staining and 
Sudan staining for lipid with that observed after TTC incubation. It appeared that while the 
TTC reduction in such slices was closely associated with the lipid granules of the cells, the 
TTC technique was a more sensitive index of adrenocortical function under diverse physiological 
and pathological situations.t 


RESULTS 


Male Controls.—As described in our previous report,* the in vitro endogenous 
dehydrogenase activity of adrenal slices from male control mice, as visualized by TTC, 
is characterized by a well-defined red staining of the lipid granules in all zones, the 
zona fasciculata being somewhat more prominent than the others (Fig. 1). 

In those slices incubated with TTC plus cortisone, there was no appreciable 
difference in the pattern of formazin deposition. However, an increased intensity of 
staining was noted in the zona fasciculta and, to some extent, in the zona glomerulosa 
(Fig. 2). An increased intensity of staining was also observed in the adrenal slices 
incubated with TTC plus Compound F. In fact, the staining in the latter group 
appeared to be somewhat more pronounced than that found in the cortisone studies. 


+ The crystalline cortisone and DOCA were supplied by Charles Pfizer & Company, Inc., 
through the courtesy of Dr. I. V. Sollins. 


t References 2 through 4. 
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On the other hand, when slices were incubated in the presence of DOCA, there 
was a definite inhibition of the zona glomerulosa and usually the outer part of the 
zona fasciculata as well ( Fig. 3). 


Fig. 1.—Adrenal, male CFW mouse. Endogenous dehydrogenase activity. Active reduction 
of TTC by cells of zona glomerulosa and zona fasciculata. x 440 


Fig. 2—Adrenal, male CFW mouse. Dehydrogenase activity in presence of cortisone. 
Increased intensity TTC reduction by zona glomerulosa and zona fasciculata, as evidenced by 
deeper red coloration of intracytoplasmic lipid granules. x 440. 


Female Controls—The in vitro endogenous dehydrogenase activity of adrenal 
slices from female CFW control mice is predominantly confined to the cells of the 
zona fasciculata, minimal to no TTC reduction being observed in the zona glomeru- 
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losa and zona reticularis (Fig. 4). It should be noted, however, that in breeder 
females older than 10 months of age the zona reticularis was found to contain lipid 
granules which stained with TTC. In addition, in many instances the innermost 


Fig. 3.—Adrenal, male CF W mouse. Dehydrogenase activity in presence of DOCA. Sup- 
pression of TTC reduction by cells of zona glomerulosa and outermost zona fasciculata. Note 
difference from effect in cortisone study. x 440. 


cells of the zona reticularis exhibited a granular nonlipid intracytoplasmic formazin 
deposition, which appeared to be accentuated by cortisone and Compound F. 

In those slices incubated in the presence of cortisone, the zona fasciculata showed 
a slight increment in the intensit: of the staining as compared with the endogenous 
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re reduction by cells of zona glomerulosa somewhat more marked than in average case. x 440. 
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studies. The zona glomerulosa also appeared to be stimulated, so that a well-defined 
staining became evident in some of the cases. On the other hand, no change in 
staining, aside from that mentioned above, was observed in the zona reticularis (Fig. 


Fig. 5.—Adrenal, female CFW control mouse. Dehydrogenase activity in presence of corti- 
sone. , Bn glomerulosa shows definite TTC reduction. « 440. 


Fig. 6.—Adrenal, female CF W control mouse, Dehydrogenase activity in presence of DOCA. 
Note lack of TTC reduction in zona glomerulosa and decreased activity in outermost zona 
fasciculata. Note difference from activity in cortisone study. 


5). Similar findings were obtained in the studies with Compound F. As with the 
male mice, the Compound F seemed to produce a somewhat greater increment in 
staining than was observed with cortisone. 
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After incubation with DOCA, the adrenal slices from the female mice usually 
showed no formazin deposition in the zona glomerulosa. The DOCA inhibition of 
the zona fasciculata in the female group was not so pronounced as that observed in 
the male group. However, when observed, the DOCA effect on the zona fasciculata 
was most marked in the outermost portion of this zone (Fig. 6). 


Females with Spontaneous Mammary Tumors.—As previously reported, all 
cortical zones of the adrenal slices from mice with spontaneous mammary tumors 
showed an active in vitro endogenous reduction of TTC (Fig. 7). 


After incubation with cortisone, the TTC reduction by the zona glomerulosa 
was definitely less active, and to a less extent, so was that of the zona fasciculata, 
while the zona reticularis remained unchanged (Fig. 8). A similar, and even more 
pronounced, inhibition was observed in the slices exposed to Compound F. 


Fig. 7.—Adrenal, female CF W mouse with spontaneous breast tumor. Endogenous dehydro- 
genase activity. Active TTC reduction by zona glomerulosa and zona fasciculata. x 440. 


In contrast, DOCA did not cause any appreciable inhibition and in some cases 
even seemed to stimulate the zona glomeru.osa and the outermost zona fasciculata 
(Fig. 9). Thus, the essential differezice between the control and the tumor-bearing 
mice in regard to their response to the hormones was the finding that in the control 
group the staining of the zona glomerulosa and the outer portion of the zona 
fasciculata was much less intense in the DOCA preparations than in the cortisone- 
exposed or Compound F-exposed slices, wherexs in the tumor group the reverse was 
the rule. 

In order to obtain some degree of quantitation of the aforementioned histochemi- 
cal findings, the intensity of the staining of the various cortical zones was graded 
from 0 to 4+. A bright red color was assigned a reading of 4+; the absence of 
color was graded as 0, while intermediate intensities of color were assigned values 
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_ Fig. 8—Adrenal, female CF W mouse with spontaneous breast tumor. Dehydrogenase activity 
in presence of cortisone. Note decreased TTC reduction in zona glomerulosa and outermost 
zona fasciculata. x 440. 


Fig. 9.—Adrenal, female CF W mouse with spontaneous breast tumor. Dehydrogenase activity 
in presence of DOCA. Intensity of TTC reduction by zona glomerulosa and zona fasciculata, 
similar to that in the endogenous preparation. Contrast DOCA effect in tumor group with that 
observed in controls. x 440. 
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in accord with their relation to the two extremes of the scale. In Figure 10 we have 
presented diagrammatic profiles based on the mean values obtained in accord with 
the above system of grading. These data provide a semiquantitative comparison 
of the effect of DOCA on the in vitro dehydérogenase activity of the adrenal slices 
from the tumor-bearing mice and the effect on the controls. It is evident that the 
differential action is found principally in the zona glomerulosa, less in the zona 
fasciculata, and minimally in the zona reticularis. The difference between the effects 
of cortisone and Compound F on the adrenals from the tumor mice and the effects on 
the controls is also readily apparent. Here, too, the zone exhibiting the maximal 
difference is the zona glomerulosa. 

A comparison of the intensity of the dehydrogenase activity of the zona glomeru- 
losa in the presence of the glucocorticoids and DOCA is of interest. As depicted in 
Figure 10, in the male control group the mean values for the dehydrogenase activity 
of the zona glomerulosa in the cortisone and Compound F studies were both more 
than eight times that observed after DOCA incubation. In the female control group 
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Fig. 10—Diagrammatic representation of the relative intensity of the in vitro dehydrogenase 
activity of various zones of adrenocortical slices from control and tumor CFW mice in the 
presence and absence of cortisone, Compound F, and DOCA. G indicates zona glomerulosa; 
F, zona fasciculata, and R, zona reticularis. 


the activity of the zona glomerulosa after exposure to cortisone and Compound F 
was three and five times as great respectively as that in the DOCA incubation studies. 
In contrast, similar comparisons in the tumor group revealed that exposure to 
cortisone and Compound F yielded mean values which were less than that obtained - 
after DOCA incubation, i. e., cortisone 1.8, Compound F 0.8, and DOCA 2.6 units. 

It is also noteworthy that this change in the relative effect of the hormones on 
the metabolic activity of the zona glomerulosa was not dependent upon the presence 
of metastatic involvement; if anything, the reverse appeared more likely. In the 
present series pulmonary metastases were noted in four of the mice. In this group 
the mean values for the intensity of the dehydrogenase activity of the zona glo- 
merulosa under the conditions of study was found to be as follows ; endogenous, 2.8; 
cortisone, 1.8, and DOCA, 2.0 units. In the remaining 16 cases the corresponding 
values were 3.2, 1.9, and 2.7 units. 

These findings leave little doubt that the presence of spontaneous mammary 
tumors in female CFW mice is associated with changes in the metabolic activity of 
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the adrenal cortex which appear to have an appreciable degree of selectivity in 
regard to the cortical zones. 

Medulla.—The medullary cells failed to exhibit detectable in vitro endogenous 
dehydrogenase activity. However, in some irfstances a definite fine granular staining 
was found in the cytoplasm of the medullary cells from the female control mice 
after incubation with Compound F. Since such findings were not constant, it would 
be premature to attempt any finite interpretation at this time. 


COM MENT 

In a previous study we had observed that the implantation of DOCA pellets 
into rats led to an inhibition of the in vitro dehydrogenase activity of the zona 
glomerulosa without affecting such enzymatic activity in the other cortical zones.* 
On the other hand, cortisone injections caused no appreciable effect on the TTC 
reduction by the zona glomerulosa, although the zona fasciculata and zona reticularis 
underwent a progressive loss in their in vitro ability to reduce TTC, resulting in 
an appearance similar to that observed after hypophysectomy. In addition, we found 
that implantation of sarcoma 180 into female and male mice led to a similar decrease 
in the in vitro dehydrogenase activity of the adrenal cortex, which proceeded from 
the inner to the outer zones and was followed by a progressive loss of intracellular 
lipid.* However, this process did not involve the zona glomerulosa and, in fact, was 
associated with an increase in the dehydrogenase activity of this zone in the adrenals 
of female mice with the implanted tumors. Such observations are indicative of a 
relative independence of function of the zona glomerulosa as compared with the other 
cortical zones. The results of the present investigation provide further evidence 
that the controlling factors involved in the metabolic activity of the zona glomerulosa 
differ from those of the zona fasciculata. Thus, the dehydrogenase activity of the 
zona glomerulosa of the control mice was directly inhibited by DOCA. In contrast 
cortisone and Compound F, which are capable of inducing a profound inhibition of 
the zona fasciculata when injected into intact animals, failed to inhibit the dehydro- 
genase activity of this zone in the incubation experiments. In fact, the glucocorti- 
coids acted more like substrates, since they tended to increase the intensity of the 
TTC reduction. These findings are in accord with the generally held concept that the 
cortisone or Compound F inhibition of the adrenocortical function in intact animals 
is mediated through their depression of pituitary corticotropin production. On the 
other hand, it appears that the zona glomerulosa is more directly responsive to the 
level of its circulating hormone and/or the salt concentration. 

As reported previously and confirmed in the present study, the in vitro endogenous 
dehydrogenase activity of the adrenals of tumor-bearing CFW female mice was 
readily distinguished from that of control females by virtue of the prominent staining 
of the zona glomerulosa and zona reticularis in the former. Such findings, if con- 
sidered alone, might be taken to indicate a simple quantitative increase in the activity 
of the zona glomerulosa and zona reticularis in the presence of a tumor. However, 
when we consider that DOCA failed to inhibit the zona glomerulosa, and in many 
cases even stimulated the dehydrogenase activity of this zone, it becomes evident 
that a qualitative, as well as a quantitative, change in metabolism must be envisioned. 
The lack of inhibition by DOCA might possibly be due to either (a) the loss of the 
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autonomous function of the zona glomerulosa or (b) a change in the synthetic activ- 
ity of the zona glomerulosa, so that it no longer produced salt-water metabolic 
hormones, and would, thus, no longer be inhibited by ‘such hormones. However, the 
finding that the glucocorticoids, cortisone, and Compound F tended to inhibit the 
zona glomerulosa selectively is more in keeping with the latter alternative. In short, 
the present findings would be consistent with the hypothesis that the adrenals of the 
tumor-bearing mice had undergone a change in the metabolism of the zona 
glomerulosa associated with which there was change in its hormone synthesis in the 
direction of producing less salt-water metabolic steroids and more of the catabolic 
glucocorticoids. It should be noted that such an explanation would be consistent “| 
with the clinical observations that indicate a salt-water metabolic defect and a tendency 
to hypotension in cancer patients.§ 


Finally, it should be pointed out that these changes in the adrenocortical 
metabolism of the tumor-bearing mice were not associated with cachexia of the host. 
In most instances the tumors represented less than 5% of the body weight and the 
mice appeared to be in good health. These subtle, but complex, changes in adreno- 
cortical metabolism associated with the presence of spontaneous tumors appear to be 
further indications of a systemic component in malignant disease. 


SUMMARY 


A histochemical study was made of the in vitro dehydrogenase activity of adrenal 
slices of CFW mice utilizing the tetrazolium salt 2, 3, 5-triphenyltetrazolium 
chloride (TTC). A comparison was made between the intensities of the metabolic 
activity of the various cortical zones as found in adrenals from male and female 
controls and females bearing spontaneous mammary cancer. In addition, an evalua- 
tion was made of the relative effects of cortisone, Compound F, and desoxycorticos- 
terone acetate (DOCA) on the dehydrogenase activity in the above groups. 


The dehydrogenase activity of the zona glomerulosa of adrenal slices from the 
control animals was characterized by a tendency to be inhibited by DOCA and stimu- 
lated by the glucocorticoids. In contrast, the dehydrogenase activity of the zona 
glomerulosa of adrenal slices from the tumor mice tended to be inhibited by the 
glucocorticoids and unaffected or stimulated by DOCA. To some extent the findings 
in the outermost zona fasciculata tended to parallel those observed in the zona 
glomerulosa. No appreciable changes were noted in the inner zona fasciculata or 
zona reticularis. These findings are discussed in regard to their possible implications. 
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LEIOMYOMA OF THE LUNG 
Report of a Case 


COMMANDER WILMOT F. PIERCE (MC), U.S.N. 
LIEUTENANT ROBERT L. ALZNAUER (MC), U.S.N.R. 
AND 
LIEUTENANT (jg) CHARLES ROLLE Jr. (MC), U.S.N.R. 


RIMARY leiomyoma of the lung is a rare tumor. Five well-documented cases 

have been reported in the literature (Table). The first was reported by Forkel 
in 1909,* the second by Franco in 1929,? the third by Brahdy in 1941,* the fourth 
by Williams and Daniel in 1950,* and the fifth by Freireich, Bloomberg, and Langs 
in 1951.° Although a case of “multiple primary myomas of the lung” in a 57-year- 
old woman reported by Duessing in 1912° has been accepted both by Brahdy and 
by Williams and Daniel, there is considerable doubt as to its validity, since multiple 
myomas of the uterus were also present. In view of the multiplicity of the pul- 
monary lesions, the possibility that these might be pulmonary metastases from a 
well-differentiated leiomyosarcoma of the uterus cannot be excluded. The validity 
of Duessing’s case was also questioned for the same reason by Franco in 1929,? 


and by Randall and Blades in 1946." In a series of 67 “solitary intrapulmonary 
lesions” reported by Davis and Klepser in 1950,* five of them were said to be 


“myofibromas.” Since this paper was written with the primary emphasis on 
peripheral bronchiogenic carcinoma, complete descriptions and photomicrographs 
of these cases were not presented, and for this reason they are not included in this 
report. For the same reasons the four cases of “myoma”’ and three cases of “myo- 
sarcoma” reported by Sherman and Malone in 1950° are not included. To the best 
of our knowledge this is the sixth case of primary benign leiomyoma of the lung 
to be reported. 
REPORT OF A CASE 

History.—E. B., a 24-year-old white man, was admitted to the United States Naval Hospital, 
San Diego, Calif., on Aug. 21, 1951, because an “isolated pulmonary nodule” was discovered 
in the right lung field in a routine chest roentgenogram taken at the time of his discharge from 
the Naval Service. He had been completely asymptomatic. Physical examination revealed no 


From the Surgical Pathology Service, United States Naval Hospital, San Diego, Calif. 

The opinions presented are those of the authors and do not reflect the views of the Medical 
Department of the United States Navy. 

Commander Pierce was formerly Chief, Pathology Service, United States Naval Hospital, 
San Diego, Calif.; he is at present, Chief, Pathology Service, United States Naval Hospital, 
Portsmouth, Va. Lieutenant Alznauer has returned to civilian practice and is at present 
Assistant Pathologist, Mount Zion Hospital, San Francisco. Lieutenant Rolle has returned 
to civilian practice and is at present Senior Resident in Pathology, General Medical and 
Surgical Hospital, Veterans Administration, Los Angeles. 
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abnormal findings. The usual admission laboratory tests, which included a blood count and 
urinalysis, were within normal limits, and the serologic test for syphilis was negative. 
Bronchoscopic examination revealed no abnormalities, and smears of the bronchial washings 
stained by the Papanicolaou technique showed no abnormal cells. Smears and cultures for 
acid-fast bacilli of one bronchial wash and three gastric washes were negative. Routine skin 
tests, purified protein derivitive of tuberculin in first and second strengths, coccidioidin 1 :100, 
and histoplasmin 1:100, were all negative. Gastrointestinal tract examination by fluoroscopy 
and x-ray, cystoscopy, and intravenous and retrograde pyelograms revealed no abnormalities. 
The Ascheim-Zondek test for urinary gonadotropins showed less than 33 M.U. per 24 hour 
specimen. Chest x-rays (Figs. 1 and 2) taken on Aug. 22, 1951, revealed a “soft round 
cotton-ball” in the right middle lobe, which measured 3 cm. in diameter. The problem in 
roentgen diagnosis was “metastasis versus inflammatory granuloma.” Since the etiology of 
the pulmonary lesion remained undetermined, exploratory thoracotomy was carried out on 
Sept. 27, 1951, and a right middle lobectomy was performed. The postoperative course was 


uneventful, and the patient was discharged as a civilian on Nov. 28, 1951. 


Gross Pathological Examination.—The specimen consisted of the middle lobe of the right 
lung, which measured 10 by 7 by 3 cm. and weighed 80 gm. The pleura was smooth and 


Author Age, Anatomical Location 
Date Nex r. Size of Tumor Symptoms Operation Remarks 
Forkel F 63 Parenchymal; left upper None Incidental at Diagnosis verified by 
1909 lobe “lemon” size autopsy differential stains 
Franco b Parenchymal; right upper ? Autopsy find- Diagnosis verified by 
1wy lobe 13 K 9 em. ing differential stains 
Brahdy Fr 18 Parenchymal; right lower None per se; Right lower Diagnosis verified by 
1941 lobe 2.5 em. patient had lobectomy differential stains 
tuberculosis 
Willlams & F “ Parenchymal; left lower Chronic cough Left pneu- Diagnosis verified by 
Daniel lobe 10 em. productive monectomy differential stains 
1990 of mucoid 
sputum 
Freireich, Bloom- M 61 Polypoid intrabronchial None Right upper Diagnosis verified by 
berg, & Langs lesion; right upper lobe lobectomy differential stains 
1961 lem. 
Pierce, Alznauer, M au Parenchymal; right None Right middle Diagnosis verified by 
& Rolle middle lobe lobectomy differential stains 
1963 3 em. 


glistening. The parenchyma was collapsed and noncrepitant, with a dusky-red cut surface. 
An oval tumor nodule was present in the parenchyma in the central portion of the lobe. It 
measured 3 by 2 by 2 cm. and was sharply demarcated from the adjacent parenchyma. The 
bulging cut surface was firm and gray-white and had a whorled appearance. No relationship 
to adjacent bronchi could be established grossly. 


Histology.—Sections of lung (Figs. 3 and 4) revealed a well-differentiated 
neoplasm which was composed of interlacing whorled bundles of elongated spindle- 
shaped cells. In some areas these were also arranged in a “herring-bone” pattern. 
The narrow elongated nuclei were pale and vesicular and showed no pleomorphism 
or mitotic activity. The pink cytoplasm took up a characteristic brick-red color with 
Masson's trichrome stain. Hence, the tumor cells were interpreted as myofibrils of 
smooth muscle type. Near the periphery of the tumor in some areas there was an 
infiltrate of small mononuclear cells which were predominantly plasma cells. No 
relationship with the wall of a bronchus or blood vessel could be established. The 
adjacent pulmonary parenchyma showed no significant histological change. 

Diagnosis —The diagnosis was benign leiomyoma of the middle lobe of the 
right lung. 
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Fig. 1.—X-ray of the chest, posteroanterior view, showing the discrete solitary nodule in the 
lower portion of the right lung. 

Fig. 2.—X-ray of the chest, left anterior oblique view, demonstrating the anterior location 
of the solitary nodule in the middle lobe of the right lung. 


Fig. 3.—Leiomyoma of the lung. Low-power view showing the interlacing whorled arrange- 
ment of the spindle-shaped myofibrils. x 140. 
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COMMENT 


The leiomyoma reported by Freireich, Bloomberg, and Langs *® was intrabron- 
chial in location. The other five were located in the pulmonary parenchyma. Two 
cases were asymptomatic and were detected by routine chest x-ray. In view of 
mass chest x-ray surveys now being conducted, additional cases will undoubtedly 
be discovered because of the increasing trend toward removal of indeterminate 
lesions of the lung. Surgical removal of these tumors, even if they are asympto- 
matic, is sound treatment. Nine cases of primary leiomyosarcoma of the lung have 
been reported, one each by Brunn and Goldman in 1940,'° Randall and Blades in 
1946,’ and Johnson, Mangiardi, and Jacobs in 1952," and six by Watson and 
Anlyan in 1954."* Since leiomyosarcomas can arise in preexisting leiomyomas of 
the uterus, it is reasonable that malignant change could occur in a preexisting 
benign leiomyoma of the lung. 


Fig. 4.—High-power view showing the detailed histologic appearance of the tumor cells. Note 
the uniform character of the elongated narrow vesicular nuclei. « 600. 


One potential pitfall in establishing the correct diagnosis of this pulmonary 
neoplasm must be kept in mind. Willis '* has emphasized that well-differentiated 
metastatic lesions in the lung, which have a histologically “benign” appearance, 
are known to occur from primary leiomyosarcoma of the uterus. These have been 
referred to as “benign metastasizing leiomyomas” by Steiner.'* If a solitary pul- 
monary metastasis only should occur in such a case, it would be difficult to render 
a diagnosis of malignancy on the histologic pattern alone. In the case of women, 
one must especially rule out the presence of uterine leiomyomata as a possible 
source of a metastatic pulmonary lesion. In all cases, however, leiomyosarcoma of 
the gastrointestinal tract, retroperitoneal tissues, etc., must be considered and 
excluded.** 

In the histological study of this tumor it is essential that special staining tech- 
niques, either Masson's trichrome or Van Gieson’s acid fuchsin methods, be carried 
out to establish the exact nature of the spindle cells. The neoplasm in our case was 
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originally considered to be a neurofibroma until the trichrome stain demonstrated 
a brick-red cytoplasm in the tumor cells. Primary neurogenic neoplasms are rare, 


but they do occur in the lung parenchyma. Three such cases, which were interpreted ' 


as neurofibromas, have been reported by Bartlett and Adams in 1946,'* Touroff 
and Sapin in 1949,'" and Diveley and Daniel in 1951.* In addition, Lane, Murray, 
and Fraser reported a case of neurilemoma of the lung in 1953.'° They were also 
able to review the slides of the other three cases through the courtesy of the above 
authors and concurred in the diagnosis of neurofibroma in each case. They did not, 
however, consider them to be neurilemomas like their own case. Since both smooth 
muscle and neurogenic tumors frequently show similar features, such as palisading 
of the nuclei and whorling of the spindle cells, the only certain means of differ- 
entiation is by special staining techniques. This similarity between leiomyomas and 
neurogenic tumors due to palisading of nuclei is also emphasized by Lane, Murray, 
and Fraser,'’® who state that this may be a source of error in diagnosis. 


SUMMARY 


A case of primary benign leiomyoma of the lung is presented. The patient was 
asymptomatic, and the lesion was discovered in a routine roentgenogram of the chest. 

Review of the literature reveals five similar cases which are well-documented, 
as well as nine cases of primary leiomyosarcoma of the lung. 

The possibility of an extrapulmonary leiomyosarcoma with a_ histologically 
“benign”-appearing solitary metastasis to the lung must always be considered and 
ruled out by thorough examination of all other organ systems. 

The necessity for thorough histological study of these mesenchymal pulmonary 
neoplasms by means of special staining techniques is emphasized. 


Donald E. Reeves, HM2, U. S. N., of the Pathology Service, United States Naval Hospital, 
San Diego, Calif., prepared the Masson trichrome stains, and William Von Allmen, HMs, 
U.S. N. R., of the Medical Photography Service, reproduced the photographs of the x-ray films. 
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EFFECT OF CORTISONE ON CARBON TETRACHLORIDE 
CIRRHOSIS IN RATS 


DANIEL DIENGOTT 
AND 


HENRY UNGAR 
JERUSALEM 


| pescado of the progressive fibroplasia of hepatic cirrhosis was suggested 
by the observations that cortisone and corticotropin (ACTH) depress the forma- 
tion of scar tissue.* Consequently, this investigation was initiated to study the 
effect of cortisone on carbon tetrachloride cirrhosis in rats. While these experi- 
ments were being carried out, several articles were published reporting the sup- 
pressing effect of cortisone on hepatic fibrosis induced by carbon tetrachloride in 
rats.— The results of the present investigation, however, have shown that cortisone 
exerts a deleterious influence on the liver during carbon tetrachloride poisoning 
and enhances the fibrosis. 


MATERIALS AND METHODS 


Twenty male albino rats, initially weighing 150 to 190 gm., maintained on a regular diet, were 
prepared by exposure to carbon tetrachloride vapors three times weekly, according to the method 
of Morrione.* After the 10th inhalation period (i. ¢., on the 21st day of the experiment), 13 
rats received cortisone acetate and at the same time exposure to carbon tetrachloride was 
continued. Cortisone (Cortone) was given by subcutaneous injection twice daily, according to 
the following schedule: 5 mg. daily for six consecutive days, 10 mg. daily for the following 
three days, and 5 mg. daily for the last two days of the experiment. Five rats died during the 
early stages of cortisone treatment and were discarded. The remaining surviving animals were 
examined after having received a total of 67.5 to 70 mg. of cortisone and 15 inhalations of carbon 
tetrachloride. Control rats, exposed to the same number of carbon tetrachloride inhalations, 
received injections of isotonic saline solution twice daily. 

Rats treated with cortisone showed weight losses of 30 to 60 gm. 

For histological study two blocks from different lobes of the liver were fixed in Zenker’s 
acetic acid. Paraffin sections were stained with hematoxylin and eosin and with Laidlaw’s 
silver method, Van Gieson’s stain being used for counterstaining. 


FINDINGS 


1. Controls.—The livers of all seven control rats showed similar and uniform 
changes (Fig. 1). The normal architecture were replaced by large pseudolobules 
which were only partially surrounded by thin fibrosis. The fibrous septa were 


This investigation was supported in part by the Hadassah Medical Organization Clinical 
Research Fund. 


From the Department of Medicine and the Department of Pathology, Hadassah University 
Hospital and the Hebrew University, Hadassah Medical School. 
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moderately thick around the portal spaces and quickly tapered off within the paren- 
chyma. They were composed of a small number of delicate straight reticulum fibers. 
Fibroblasts were numerous within the septa, and a cellular exudate was absent. 
The liver cells themselves showed no morphological changes. 


2. Cortisone Administration.—In the cortisone-treated animals the liver showed 
a number of alterations distinctly different from those observed in the controls. 
The hepatic architecture was replaced by numerous pseudolobules which were one- 
third to one-fifth of the size of those in controls (Fig. 2). The surrounding fibrous 
septa were wider and contained numerous bile ducts and a moderate number of 
fibroblasts with hyperchromatic nuclei. Argyrophile fibers were found as densely 
packed bundles, which often enclosed groups of, and even individual, liver cells. 


Fig. 3.—Coarseness and clumping of reticulum fibers after treatment with cortisone. Laidlaw 
and Van Gieson stain; « 150. 


Clumping and coarseness of the reticulum fibers in the septal trabeculae was also 
conspicuous ( Fig. 3). 


The hepatic cells themselves varied markedly in size. Groups of multinucleated 
epithelial giant cells were scattered throughout the parenchyma. The number of 
nuclei ranged from 2 to 20 in a cell, occasionally clumped together or distributed 
around the periphery of the cytoplasm. When there were many nuclei in a cell they 
were considerably smaller than in the cells containing only a few. Within these 
giant cells, hyaline inclusions were occasionally found (Figs. 4-7). 

In addition, there was diffuse moderate fatty changes within the parenchyma 
and foci of necroses. 

COMMENT 


The hepatic lesions were uniformly severer in all animals treated with cortisone 
than in the control rats, and this was evident in both the epithelial and the mesen- 
chymal tissues. 
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The type of multinucleated giant cells which appeared after cortisone treat- 
ment have been described before in cases of severe hepatitis in infants,t and in 
rats given colchicine '' or thiourea.’* It has not been reported to develop after the 
use of carbon tetrachloride,§ or of cortisone alone, in doses employed in the present 
investigation.’ In consideration of the above findings, this type of giant cell seemed 
to indicate an interference with regeneration of hepatic cells. 


_ Fig. 4.—Various types of epithelial giant cells in the liver following treatment with cortisone. 
ae 4-6 stained with hematoxylin and eosin; Figure 7 with Laidlaw and Van Gieson stain; 
x 


In cortisone-treated animals the connective tissue proliferated more abundantly 
than in controls, and it was composed of irregular hyperchromatic fibroblasts and 
dense bundles of coarse tortuous reticulum fibers. It was not determined whether 


t References 7-10 and Anderson, D. H.: Discussion on Stokes.'° 
§ References 6, 13, and 14. 
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these mesenchymal alterations were the result of cortisone treatment or secondary 
to the severer parenchymal injury in the experimental animals. In any case, there 
was no inhibition of the cirrhotic process: by cortisone, and, in fact, the hormone 
produced a severer change. 


The present results were at variance with those of Aterman. Perhaps this is 
due to the preparation of the animals by repeated inhalations of carbon tetra- 
chloride. This method, as suggested by Morrione,® produced regularly a uniform 
degree of hepatic fibrosis. On the other hand, prolonged administration of CCl, 
to rats by the subcutaneous route resulted in extremely varying degrees of cir- 
rhosis.||_ The injection method was therefore of little value for therapeutic studies 
in rats. 


SUMMARY 


In albino rats exposed to vapors of CCl, the administration of cortisone enhanced 
the cirrhotic process in the liver considerably. 


In comparison with the controls, the liver of cortisone-treated animals showed 
marked epithelial and mesenchymal alterations. The former was manifested by 
the presence of multinucleated giant cells, foci of necrosis, and fatty changes; the 


latter, by the development of dense bundles of tortuous and clumped reticulum 
fibers. 


|| References 14 and 16. 
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CROSS CIRCULATION AND TISSUE REACTIONS IN PARABIOSIS 
A Study of Cross Circulation and Tissue Reactions at Parabiotic Junctions in Rabbits 


RICHARD H. ANDRESEN, M.D. 


CLARENCE W. MONROE, M.D. 
AND 


GEORGE M. HASS, M.D. 
CHICAGO 


OMOGRAFTS of most normal tissues fail to survive in rabbits, for unknown 
reasons. It has been possible to distinguish between autologous and homo- 
logous musculofascial transplants in rabbits by the occurrence of lymphocytic infil- 
tration, angiitis, decreased fibroblastic proliferation, and impaired collagen deposition 
in the subfascial zone of homologous transplants... This interference with the 
normal process of healing was a consistent manifestation of the incompatibility 
between the tissues of one animal and those of another of the same species and 
strain. Also, the idea that this pattern of reaction might have an immunological 
basis was supported by demonstrating that the reaction developed as a more acute 
necrotizing response in homologous transplants in an animal which had previously 
received similar transplants from the donor. 

In these experiments the development of the homologous reaction seemed to 
depend largely upon penetration of the musculofascial zone of the transplant by 
vascularized granulation tissue of the host. Inasmuch as this implied the excitation 
of an active unilateral response which primarily involved mechanisms of the host, 
it seemed desirable to study a bilateral response in which homologous reaction 
depended upon mutual interpenetration of vascularized granulation tissue at a 
common junction of tissues of rabbits in parabiosis. The present paper is con- 
cerned with the results of this study, which has disclosed some observations on the 
nature of the cross circulation at aural junctions of rabbit parabionts, the differ- 
ences in healing at autologous and homologous aural junctions, and the systemic 
effects of parabiosis. 

METHODS 
Young male New Zealand rabbits weighing 2 to 3 kg. were used. Though these were from 
the same stock, they were not highly inbred. A lightweight plaster cast was placed around the 
neck and upper thorax of each animal four or five days prior to placement in parabiosis so as to 


allow each animal to become accustomed to its cast. Pairs of animals were then fastened together 
with adhesive tape applied to the casts. 


From the Rush Departments of Pathology, Surgery, and Ophthalmology of the Presbyterian 
Hospital of the City of Chicago, in affiliation with the University of Illinois. 
This study was supported by grants (H-1630) from the National Institutes of Health, United 
States Public Health Service ; the Otho S. A. Sprague Memorial Institute, and the Blind Service 
Association of Chicago. 
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Surgical aural anastomosis was then done as follows.2 The apposing ears were shaved and the 
skin prepared with aseptic technique. With the animals under procaine anesthesia, the distal 6 
to 7 cm. of skin of the lateral aspect of each apposing ear was excised. A window was cut out of 
the exposed plate of cartilage, a peripheral rim of cartilage measuring about 0.5 cm. in width 
being left to support the ear and prevent curtailment of circulation following the anastomosis. 
The cartilages at the bases of the excised areas were united with interrupted monofilament 
sutures. The dissected areas were apposed and the anastomosis completed with interrupted mono- 
filament sutures placed along the periphery of the ears. Therefore, the tissues placed in apposition 
consisted of skin, subcutaneous tissue, and cartilage of the two animals. After the anastomosis, 
the united ears remained erect and were free of foreign restraints. Freedom of movement of the 
heads and extremities of the parabionts was such that eating and drinking were unhindered. 


Results of Use of Intravenous Dyes and India Ink to Demonstrate Presence of Cross Circulation 
Between Rabbit Parabionts at Increasing Age of Parabiotic Union 


- Pou 
Parabionts Parablosis Evans Blue India Ink Results 
Positive 
Positive 
Negative 
Positive 
Positive 
Positive 
Positive 
Positive 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Positive 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 


i +44 
+: 


+44: 


++4+4+: 


1 
12 
1 
2 
2 
1 
5 
5 
1 
4 
2 
1 
1 
1 
7 
1 
1 
1 
2 
1 
6 
8 


* Hematomas at parabiotiec junction. 


The same method of anastomosis was used in uniting the ears of a single animal to provide 
control autologous junctions for comparison with the homologous parabiotic junctions. 

Attempts to demonstrate cross circulation at varying durations of parabiosis were made in 
the following manner: As a physiological means of demonstrating continuity of circulation, 
two dyes were employed. At a specified duration of parabiosis, 1 ml. of phenolsulfonphthalein 
(PSP) (6 mg. per milliliter) was injected intravenously into one parabiont. One to two hours 
later the apposing parabiont was catheterized and the urine examined for PSP. Some animals 
were injected on several occasions during the period of parabiosis. 

Evans blue dye (T-1824) was similarly employed. A 0.3% solution (8 ml.) was injected 
intravenously into one parabiont after plasma had been drawn and standards established with a 
known quantity of the dye in a Beckman spectrophotometer. Plasma samples were withdrawn 
from the parabionts 1 hour and 24 hours later. The amount of dye per milliliter of plasma was 
then determined spectrophotometrically. 

After completion of the final dye studies, India ink diluted with two volumes of isotonic 
saline and warmed to 39 C. was used to fill the aural vasculature. Since the aural vasculature of 
the rabbit has many arteriovenous shunts, the venous route of injection of ink was found most 
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practicable. The marginal aural vein of one parabiont was cannulated against the blood flow, 
and by means of a two-way Luer syringe as much blood as possible was cleared from the aural 
vasculature by the injection of isotonic saline. Then & ml. of diluted India ink was injected 
Immediately after the injection the bases of the ears proximal to the level of surgical union wer: 
simultaneously clamped transversely so as to prevent continued escape of India ink into th: 
general circulation. The animals were then killed by injection of procaine into the cisterna 
magna. After excision of the ears, with clamps intact, the animals were weighed and complete 
autopsies done. The ears were placed in 10% formalin. After fixation, celloidin sections, cut in a 


Fig. 1.—Medium-power photomicrograph of an homologous aural junction 4 days of age. 
Note the good approximation of homologous tissues at this age of union, with exception of the 
area between the cartilages of the two animals, shown on the right of the illustration. This space 
contains new granulation tissue. Midway between the epithelial surfaces lies the zone of apposi- 
tion of homologous tissues. This contains many capillaries filled with India ink. The tissues of 
the upper animal were injected with India ink. Vascular channels of the lower animal also con- 
tain ink, indicating that continuity of circulation between rabbit parabionts was fully established 
at this age of healing. x 4). 


transverse plane perpendicular to the aural junction and stained with hematoxylin and cosin, 
were prepared for routine microscopic study. Special stains for collagen and reticulum were 
done when indicated. 

Autologous aural junctions were similarly injected with India ink and prepared for micro- 
scopic study. 


Other organs and tissues were fixed in 10% formalin, embedded in paraffin, and stained with 


hematoxylin and eosin for microscopic study in search for evidence of systemic effects of para- 
biosis. 
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Fig. 2.—Low-power photomicrograph of an homologous aural junction one week of age. 
Cartilage in the upper half of the illustration belongs to one parabiont. The lower cartilage 
belongs to the opposite parabiont. Note the well-healed appositional zone between the cartilages. 
This zone shows an early lymphocytic infiltration. The epithelial surfaces are well healed and 
in perfect continuity. Cross circulation was still demonstrable in about half the experiments at 
this age of union. x 20. 

Fig. 3—Low-power photomicrograph of an homologous aural junction 3 weeks of age. 
Note the fissure which has developed between the epithelial suriaces of the two parabionts. The 
base of fissure is continuous with the more or less linear inflammatory incompatibility reaction 
which traverses the entire length of the section along the homologous junction, Circulation 
between parabionts was never demonstrated at this age of union. x 20. 
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RESULTS 

Ninety pairs of rabbits were placed in parabiosis for varying periods of time. 
The mortality rate was 46%, “most animals dying between the 9th and 18th days 
of parabiosis. This figure is similar to the mortality reported for parabiotic mice 
and rats. 

Demonstration of Temporary Cross-Circulation by Dyes—The injection of 
phenolsulfonphthalein into one member of 21 pairs during the first week of para- 
biosis showed 18 pairs with a cross circulation and 3 pairs without a cross 
circulation (Table). The absence of a cross circulation in three pairs seemed 
to be due to hematomas which separated the tissues of the parabionte at the site 
of anastomosis. Among 10 pairs of animals in which one parabiont was injected 
with Evans blue on the seventh day of parabiosis, a cross circulation was demon- 
strated in only 5 pairs. Equilibration of the dye between parabionts occurred 
within 24 hours after injection. One pair injected at four days showed cross 
circulation of the dye, confirming the usual experience with PSP. 


Fig. 4.— Margin of an homologous aural junction 3 weeks of age. Note the absence of edema 
or other evidence of active inflammation and fact that the apposing tissues remain in good 
approximation. In the transverse axis of the illustration, the narrow epithelial fissure between 
the apposing tissues of the two animals is barely distinguishable. Natural size. 


The studies with PSP in nine pairs of animals during the second week of 
parabiosis showed no cross circulation (Table). Of these, seven pairs had pre- 
viously been injected with PSP and showed cross circulation at four days. Among 
nine pairs of animals in which Evans blue was employed late in the second week 
of parabiosis, only one pair showed a cross circulation. One pair of the group 
with no cross circulation had a cross circulation demonstrated with PSP after four 
days in parabiosis. 

The studies during the third week of parabiosis, using PSP and Evans blue 
in 19 pairs of animals, showed no cross circulation (Table). Seven pairs which 
showed cross circulation with PSP at four days of parabiosis exhibited no cross 
circulation on subsequent study during the third week. 

The demonstration of the presence or absence of a cross circulation in 64 
pairs of rabbits by use of circulating dyes was confirmed microscopically by the 
presence or absence of India ink in the vasculature of the uninjected parabiont. 
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In single animals in which one ear had been completely transferred to the 
apposing ear, the injection of Evans blue into the systemic circulation resulted in 
almost immediate discoloration of the transplanted ear.’ 


Gross Studies of Autologous and Homologous Junctions——Autologous and 
homologous junctions at the end of seven days were well healed and in good 
approximation. The edema and turgor which developed subsequent to the opera- 
tive procedure had subsided in most instances. The accumulation of conspicuous 
amounts of blood or serum between the united ears was seldom encountered. 
Dermal epithelium was continuous. At the end of the second week the two types 
of junctions remained grossly similar except that the homologous aural junction 
exhibited a fissure at the site of previous healing of dermal epithelium of the 
parabionts along the line of surgical approximation (Figs. 3 and 4). Both types 
of junctions showed normal cutaneous color and regrowth of hair. By the end 
of the third week, the autologous aural junctions were still firmly healed, and the 
epithelial surfaces at the site of anastomosis remained in continuity. On the 
other hand, the fissure separating the epithelium of the parabionts at the homol- 
ogous aural junctions appeared to deepen (Fig. 3). A scaly exudate formed 
continuously at the pit of the fissure. Otherwise, the homologous aural junctions 
at 3 weeks of age remained free of edema or gross signs of active inflammation and 
were in good approximation (Fig. 4). There were no conspicuous progressive 
changes at junctions of tissues of animals maintained in parabiosis beyond three 
weeks up to as long as four and one-half months. 


Microscopic Studies of Autologous and Homologous Junctions.—Microscopic 
study showed that the tissues placed in approximation consisted of dermal 


epithelium, underlying collagenous tissues, and cartilage (Figs. 1, 2, 3, and 5). 
The resected margins of dermal epithelium of the animals were adjacent to each 
other. The peripheral rim of cartilage and perichondrium of the two ears were 
also in direct apposition. The principal remaining area of contact between ani- 
mals consisted of the connective tissues, with irregular shreds of perichondrium 


EXPLANATION OF FiGuREs 5 AND 6 


Fig. 5.—Medium-power photomicrograph of the central area of an homologous aural junction 
3 weeks of age. The epitheiial surfaces are normal. The subepithelial tissues in the upper half 
of the illustration are involved in a diffuse inflammatory reaction. In the midtransverse axis there 
is a well-demarcated linear inflammatory reaction. The parabionts contributed equally to this 
reaction, so that it was designated as a symmetrical type. The dark linear interrupted areas at 
the immediate zone of apposition represent foci of cellular necrosis between homologous tissues. 
The central artery in the lower half of the illustration shows a type of intimal proliferation which 
was commonly encountered in homologous aural junctions at about 3 weeks of age. The 
vasculature of the tissues of the parabiont occupying the lower half of the illustration was injected 
with India ink. Note that the ink did not cross the junction into the vessels of the uninjected 
parabiont. Cross circulation was never demonstrated at this age of union. x 40. 

Fig. 6.—High-power photomicrograph of the linear appositional homologous reaction shown 
in Figure 5. The zone of immediate contact of homologous tissues consists of a plane of severe 
cellular necrosis, which lies in the midtransverse axis of the illustration. On each side of the 
zone of apposition there is a very narrow zone containing polymorphonuclear leucocytes and a 
few macrophages. Adjacent to this on each side is a broad pale zone which contains a preponder- 
ance of macrophages, At the extreme upper and lower margins of the illustration lie the zones 
of heavy lymphocytic infiltration. As shown by capillaries injected with ink in the lower half of 
the illustration, continuity of circulation between parabionts was not demonstrable at this age 
of union. The capillaries rarely entered the macrophage zone and appeared to end predominantly 
in the lymphocytic zone. « 250. 
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stripped from resected cartilage intermittently dispersed along the plane of surgical 
apposition. The central arteries were usually opposite each other on the two sides 
of the junction. 

Forty autologous junctions between 1 and 3 weeks of age were studied micro- 
scopically. At the end of the first week the junctions showed complete and unevent- 
ful healing.* The tissues were in good approximation, and healing was so perfect 
that it was not possible to distinguish between tissues of the two ears at the zone 
oi apposition. Along the central plane of apposition there was little deposition of 
new collagen and reticulum. The regions of greatest fibroblastic activity were in 
the intercartilaginous areas, where considerable granulation tissue was usually 
formed. Here, also, the formation of new capillaries was most conspicuous, being 
especially well shown in the preparations injected with India ink. There were sur- 
prisingly few vascular connections demonstrable in serial sections across the line 
of apposition of the autologous junctions, even though gross studies had indicated 
a rich cross circulation. Larger vascular channels on either side of the zone of 
apposition were filled with India ink in a manner which indicated the presence of 
arteriovenous shunts. The dermal epithelium of the apposing tissues was contin- 
uous, so that distinction between epithelium of one ear and that of the opposite 
ear of the same animal was not possible. The tissues were free of inflammation 
with the exception of a mild reaction around hair follicles. 


Sixty-four homologous junctions were studied microscopically. Of these, 13 
were 4 days of age. These showed good approximation of tissues of the parabionts. 
The epithelial surfaces were in continuity, the surgical defect having been bridged 
by several layers of squamous cells, arising apparently from the dermal epithelium 
of both parabionts. The intercartilaginous areas were occupied by rapidly pro- 
liferating granulation tissue. In these areas, especially, capillaries distended with 
India ink were traced across the plane of tissue anastomosis, so that it was con- 
cluded that the circulation between parabionts was conducted principally through 
these channels (Fig. 1). Along the plane of collagenous junction a few lympho- 
cytes had accumulated around small vessels, but fibroblastic and collagenous 
healing seemed to have proceeded normally, without conspicuous formation of 
new vascular networks, 


EXPLANATION OF FIGURES 7 AND 8& 


Fig. 7.—Medium-power photomicrograph of an homologous junction 3 weeks of age. In the 
transverse axis of the illustration there is a broad inflammatory zone which, in this instance, 
shows asymmetry of cellular response and vascular disease. The tissues of the upper animal, the 
“dominant” reactor, show a well-defined lymphocytic zone. At the lowermost margin of this zone 
there is a narrow zone of appositional necrosis, which is not well shown at this magnification. 
Below this there is a broad pale zone consisting largely of monocytes infiltrating the tissues of 
the opposite parabiont, the “weak” reactor. This zone merges with a broad diffuse intense inflam- 
matory reaction with conspicuous edema and angiitis. « 40. 

Fig. 8.—High-power photomicrograph of an homologous aural junction 3 weeks of age. 
In the midtransverse axis lies the zone of apposition, which consists of cellular necrosis. The 
tissues of the lower animal show an intense mixed infiltration with inflammatory cells which have 
undergone acute necrosis. The tissues of the upper animal show narrow monocytic and well- 
demarcated lymphocytic zones. This response is asymmetrical, with the “dominant” reactor in the 
upper and the “weak” reactor in the lower part of the illustration. It typifies the individual 
variations encountered when the tissues of one animal were placed in contact with those of 
another of the same species and strain. « 250. 
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Figures 9 and 


(See legends on opposite page) 


CROSS CIRCULATION AND TISSUE REACTIONS IN PARABIOSIS 


Fifty-one homologous junctions between 1 and 3 weeks of age were studied 
microscopically. The junctions at the end of the first week showed epithelial 
continuity, good approximation of collagenous tissues, and infiitration of inflam- 
matory cells in the zone of apposition (Fig. 2). The cellular infiltration consisted 
principally of local accumulations of lymphocytes between vascular channels. Active 
healing was sti!l in progress between the cartilaginous bars, particularly those 
cephalad in location. This consisted of an ingrowth of delicate granulation tissue 
from one or both animals. India ink, when used, was easily recognized in vascular 
channels on both sides of the zone of apposition in animals which had a cross 
circulation demonstrated with PSP or Evans blue. At homologous junctions in 
which the inflammatory reaction was more advanced, a cross circulation was not 
demonstrated either with the dyes or with India ink. In these instances the 
dermal epithelium was beginning to deteriorate at the immediate line of junction. 
This change was always associated with the spread of a conspicuous stromal and 
inflammatory incompatibility reaction to the basal layer of the epithelium, with 
infiltration of the stratified squamous epithelium by inflammatory cells. The dermal 
epithelial deterioration at the junction was apparently secondary to the subjacent 
stromal inflammatory reaction. 


During the second week, and the time thereafter, the autologous aural junctions 
remained completely healed without a trace of inflammation. At 7 to 14 days of 
age the homologous aural junctions showed rapid progression of the inflammatory 
reaction at the zone of apposition. The reaction now occupied about one-fourth 
of the width of the celloidin section and usually bracketed the extent of the stromal 
appositional zone from the pit of one epithelial fissure to the other. The exudate 
from the homologous granulation tissues partly filled the fissures with serum and 
necrotic inflammatory cells. Subjacent to the fissures and from either side, the 
migration of polymorphonuclear leucocytes and monocytes was conspicuous, Acute 


angiitis and endarteritis of vessels within and near the zone of apposition were now 
more pronounced. The capillaries filled with India ink appeared to terminate in 


EXPLANATION oF FicuRrEs 9 AND 10 


Fig. 9—Medium-power photomicrograph of an homologous aural junction 3 weeks of age. 
This shows one type of healing which occurred between the peripheral rims of cartilage of the 
two animals. In the right half of the illustration the inflammatory reaction which occurred 
between homologous tissues is shown. The zone of necrosis ends at the tip of the uppermost bar 
of cartilage. Between the cartilages of the two animals in the left half of the illustration perfect 
fibrous healing has taken place. This region has been healed solely by ingrowth of granulation 
tissue from the lower animal. The cartilage and the perichondrium of the upper animal show 
no adverse effects due to contact with homologous granulation tissue. The vasculature is com- 
pletely filled with India ink, but none of the injected ink passed across the junction into the 
vessels of the opposite parabiont, whose tissues occupy the lower half of the illustration. x 40. 

Fig. 10.—Medium-power photomicrograph of an homologous junction 3 weeks of age. This 
illustration shows another type of healing between the cartilages of the parabionts. The inter- 
cartilaginous zone has been healed by ingrowth of granulation tissue of both animals so as to 
produce three distinct zones of inflammation at points of contact. The tissues of the upper animal 
have been injected with ink. Ink-filled vessels can be traced into the intercartilaginous zone, 
where they appear to terminate in the region of the inflammatory response. This illustration 
shows the remarkable specificity of the inflammatory reaction which occurred wherever newly 
formed vascularized connective tissues of the apposing animals were in contact for a few days. 
x 40. 
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CROSS CIRCULATION AND TISSUE REACTIONS IN PARABIOSIS 


the inflammatory zone on the side of injection. Continuity of circulation between 
animals was not demonstrated by detection of capillaries traversing the junction or 
distended with ink or both sides of the junction. 


By the end of the third week, at homologous junctions the inflammatory reaction 
had reached its maximum. It occupied about one-third of the breadth of the 
celloidin section (Fig. 5). It was a linear orderly inflammation which was usually 
composed symmetrically of several well-developed strata on each side of the junc- 
tion (Fig. 6). The immediate zone of apposition contained focal areas of cellular 
necrosis with a matrix of acidophilic ground substance, the exact nature of which 
was undetermined but which remotely resembled “fibrinoid” material (Fig. 6). 
To each side of the central zone of necrosis, migrating polymorphonuclear leuco- 
cytes and a few monocytes were situated. Lateral to these was a broad pale zone of 
monocytes with a few lymphocytes and polymorphonuclear leucocytes. External to 
this there was a broad zone which was compactly infiltrated with lymphocytes. 
Capillaries filled with India ink appeared to terminate in this lymphocytic zone 
and rarely penetrated the monocytic zone, which was therefore essentially avascular. 
In the less dense areas of infiltration within the outermost lymphocytic zone, angiitis 
and endarteritis were often conspicuous. Small vessels filled with leucocytes and 
proliferating endothelial cells without occluding fibrinous thrombi were notable. 
Frequently, the central arteries had eccenteric areas of intimal proliferation located 
at the side of the lumen adjacent to the inflammatory reaction and the appositional 
zone (Fig. 5). Involvement of vessels external to the inflammatory zone occurred 
only in junctions 3 weeks of age or older (Fig. 12). The angiitis, however, did 
not spread to the systemic circulation in a way recognizable by routine microscopic 
study of organs. The epithelial fissures had deepened so as to extend down to the 
margin of the cartilaginous bar of one or the other parabiont. Within the inter- 
cartilaginous areas two types of healing were encountered. In one type, the area 
was healed in completely by the granulation tissue of a single animal (Fig. 9). 
In the other type, the granulation tissues of the two animals shared in the process, 
so that foci of inflammation developed wherever the vascularized homologous 
granulation tissues met (Fig. 10). These areas of inflammation were not stratified 
like those along the general line of apposition, presumably because of the briefer 
period of contact of the homologous granulation tissues. In places where cartilage 


EXPLANATION OF FiGures 11 AND 12 


Fig. 11.—Medium-power photomicrograph of an homologous aural junction 3 weeks of age. 
In the transverse axis of the illustration lies the intense local inflammatory reaction on each side 
of the junction of apposing homologous tissues. In central location and just below the junction 
there is an artery which has undergone reorganization subsequent to thrombosis. The interior 
of the vessel and its wall are filled with granulation tissue arising from both animals. Where 
the vascularized granulation tissues of the two animals meet, there is a characteristic inflam- 
matory reaction, which in this instance traverses the vessel wall and mural thrombus. The 
vessels of the upper animal have been injected with India ink. Capillaries filled with ink can be 
seen superior to the zone of necrosis within the vessel wall, but there is no evidence of cross 
circulation. « 40. 

Fig. 12—High-power photomicrograph of an area adjacent to the inflammatory reaction 
between homologous tissues at 3 weeks of age. Several vessels show perivascular infiltration with 
lymphocytes and endothelial proliferation. Early involvement of small vascular channels is char- 
acteristic of the homologous response and the angiitis usually increases in proportion to the age 
of union over a period of about three weeks. « 450. 
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Figures 13 and 14 


(See legends on opposite page) 


CROSS CIRCULATION AND TISSUE REACTIONS IN) PARABIOSIS 


was immediately adjacent to homologous granulation tissue, no degenerative changes 
were noted in the cartilage. In other areas, where cartilage was adjacent to autol- 
ogous granulation tissues, foci of proliferation of cartilage cells were common. 

It seemed curious that the extensive necrosis, inflammation, and interruption 
of capillary circulation did not lead to a separation of the ears along the plane 
of apposition of the ageing homologous tissues. In spite of the intensity of the 
fully developed reaction, collagenous and reticular fibers which had been laid 
down across the junction during the first few days of healing persisted and main- 
tained good approximation of the tissues (Figs. 13 and 14). For this reason the 
tissues of the two animals were permanently and firmly united, at least for the 
duration, four and one-half months, of the longest experiment. This union was 
especially impressive when attempts were made to pull them or dissect them apart. 

Relations Between Asymmetric Reactions at Parabiotic Junctions and Systemic 
Pathologic Changes.— Of 51 homologous aural junctions one week of age and 
older, 39 were classified as being “symmetrical” on the basis of equal inflammatory 
responses on the two sides of the appositional zone. The remaining 12 were classi- 
fied as “asymmetrical” because of the inequality of the inflammatory responses on 
the two sides of the junctions (Figs. 7 and 8). One side of the “asymmetrical junc- 
tion” showed a well-developed zone of lymphocytic infiltration characteristic of the 
“dominant reactor.” This blended into a definite monocytic zone, which, in turn, 
joined a zone of scattered polymorphonuclear leucocytes adjacent to the necrotic 
appositional zone. In the aural tissues of the “weak reactor,” cellular necrosis 
and inflammation were broadly distributed and less demarcated. The inflammatory 
response appeared even to involve the subepithelial tissues, and angiitis was more 
prevalent than in the tissues of the “dominant reactor.” Epithelial discontinuity 
and intercartilaginous healing occurred in much the same way as in homologous 
junctions with “symmetrical reactions.” The animals were weighed prior to para- 
biosis and again at death. All animals lost weight while in parabiosis, but those 
which died spontaneously lost more than the average. Among the 39 pairs classed 
as “symmetrical reactors,” there was a spontaneous mortality of 1 animal in each 
of the 13 pairs. Ten of the 12 pairs classified as “asymmetrical reactors” showed a 
spontaneous mortality of one animal in each pair. 


The microscopic study of organs of the animals failed to reveal consistent 
pathologic changes which might be interpreted as due to a generalized systemic 


EXPLANATION OF Ficures 13 AND 14 


Fig. 13.—High-power photomicrograph of an homologous aural junction 3 weeks of age. 
(Mallory’s aniline blue connective tissue stain). The inflammatory zone between homologous 
tissues lies within the midtransverse axis of the illustration. Darkly stained bundles of 
collagenous fibers cross the junction in various directions, thus maintaining good approximation 
of the apposing tissues. The collagen seems to be derived from fibroblasts of both animals. It is 
curious that it was not destroyed by the incompatibility reaction. « 300. 

Fig. 14.—Medium-power photomicrograph of an homologous aural junction 3 weeks of age. 
(Foote’s reticulum stain). The inflammatory reaction between homologous tissues lies within the 
midtransverse axis of the illustration, Note that the tissues of the two animals remain in good 
approximation, despite the linear zone of junctional necrosis. The adherence of the homologous 
tissues to each other is to be attributed to the more or less perpendicularly arranged bundles of 
reticulum and collagen which traverse the junction and maintain a very firm union, Collagen 
and reticulum, presumably formed by fibroblasts of both animals, were resistant to the incom- 
patibility reaction. x 40. 
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reaction induced by the parabiotic state. Varying degrees of pneumonitis, enceph- 
alitis, gastroenteritis, and coccidioidal hepatitis were encountered, especially among 
animals which died spontaneously. There was no generalized arteritis or other form 
of significant vascular disease. Nine animals had an unexplained atrophic bone 
marrow, which is now being more thoroughly studied. Two of these showed 
“asymmetrical” reactions at the aural junctions and died spontaneously. Among 
the remainder, which had “symmetrical” reactions, four died spontaneously and 
three were killed. 


COM MENT 


The aural method of parabiosis in rabbits was used for several reasons. First, 
the granulating wounds of normal tissues of two animals of the same species and 
strain with independent blood supplies could be placed in continuous approximation 
for varying periods of time. The anatomical features of the surgical union viewed 
in microscopic slides permitted sharp differentiation between the tissues of the 
apposing animals. l’hysiological and anatomical circulatory studies could be made 
between parabionts with facility. The technique of anastomosis could be applied 
to two ears of a single animal to provide control autologous material. The healing 
processes between autologous and homologous aural junctions of various ages could 
be studied without encountering complications of the customary abdominoperitoneal 
techniques of uniting two animals. 


It has been generally assumed that parabiotic union of members of the same 
species of common small experimental animals leads to the development and 
persistence of a cross circulation. Proof for this was difficult to find in the litera- 
ture, even though the validity of conclusions of many reported parabiotic experi- 
ments depended upon such an assumption. Duschl and Niekau attempted to 
prove the presence of a cross circulation by direct low-power microscopic inspec- 
tion of the shaved skin at abdominoperitoneal junctions between living rats.‘ They 
described vessels passing across the anemic scar at about 10 days of parabiosis. 
Trypan blue injected into one rat crossed to the parietal peritoneum of the oppo- 
site parabiont in about half an hour, and the animals equilibrated the dye in about 
15 hours. Clear proof of vascular connections between parabionts was not given. 
Cristea and Denk injected rabbit parabionts (10 to 12 days after surgical union) 
with hirudin intravenously and found a greatly prolonged clotting time in the 
injected parabiont but no change in the clotting time of the partner.’ This observa- 
tion was presented as evidence against the presence of a cross circulation. More 
recently, Hill injected parabiotic rats with vital red and found 20% of the dye 
in the uninjected parabiont after one hour. He concluded that the vascular con- 
nections were of capillary nature but failed to demonstrate the connections. Huff, 
Trautman, and Van Dyke injected Fe**-tagged rat erythrocytes into inbred strains 
of rats which had been in parabiosis from one to six months and found that 
0.66% of the blood volume per minute was transferred from one animal to the 
other." Microscopic definition of the circulation between parabionts was not 
attempted. Such incomplete evidence as there is indicates that persistence of a 
cross circulation may occur when parabionts belong to the same highly inbred 
strain. When less highly inbred animals were used, there was no agreement in 


470 


. 


CROSS CIRCULATION AND TISSUE REACTIONS PARABIOSIS 


the literature as to whether the transport of materials, especially dyes, occurred 
at all between parabionts. If transport was demonstrated, the question as to whether 
transport was by blood, lymph, or peritoneal fluid remained unanswered. 


The present studies have shown that continuity of circulation was temporarily 
established between rabbit parabionts which were not highly inbred and that the 
vascular connections were primarily capillary in nature. The cross circulation 
was well developed by the third or fourth day of parabiosis and persisted on the 
average for about seven days. The temporary nature of the cross circulation and 
the mechanism of its destruction seemed to be related to the progressive development 
of a characteristic inflammatory reaction at the junction of tissues of the parabionts. 


These studies also proved that autologous and homologous aural junctions 
showed similar initial sequences of healing, with the early establishment of fibro- 
blastic collagenous union, dermal epithelial continuity, and cross circulation through 
capillary anastomoses. Despite this apparent early stage of mutual compatibility 
of parabionts, traces of a developing incompatibility tissue reaction were recog- 
nizable as early as the fourth day of surgical union. As this reaction developed, 
after an average of seven days, the circulation between parabionts was diminished 
or interrupted as a characteristic form of inflammation intervened along the plane 
of healing at the surgical union. Epithelial fissures with discontinuity then developed 
at the homologous junction, due presumably to subjacent stromal reactions rather 
than to incompatibility of the previously fused contiguous layers of epithelium of 
the two animals. Angiitis adjacent to the junction progressed in rough proportion 
to the age of union. During early stages of healing, collagenous and reticular 
fibers, presumably arising from fibroblastic activity of both animals, bridged the 
junction and maintained good approximation of the tissues of the parabionts despite 
the intense inflammatory incompatibility reaction and the progressive loss of cross- 
circulation. The incompatibility reaction, severe though it was and _ essentially 
destructive, apparently was not directed against the newly formed fibrillary inter- 
cellular materials. Collagen and reticulum of one animal were well tolerated by 
another animal of the same species and strain for many weeks under the circum- 
stances described. This conclusion was conditioned by the assumption that the 
newly formed collagen and reticulum were individual, and not mutual, products. 

The reaction of one animal's tissues to those of another in the presence of 
individual intact blood supplies resulted in the development of a type of inflamma- 
tion which was similar to the unilateral host reaction to free musculofascial homo- 
grafts.' The specificity of the inflammatory reaction as a consistently reproducible 
and uniform response was notable. It was encountered wherever vascularized 
homologous granulation tissues met—between the cartilages, within organizing 
thrombosed vessels (Fig. 11), and along the general plane of apposition of col- 
lagenous tissue. The reaction terminated in the production of a chronic granuloma 
which was different in some respects from granulomatous inflammations of common 
pathologic processes. The immediate zone of contact between homologous tissues 
consisted of irregularly dispersed foci of cellular necrosis. Giant cell formation, 
conspicuous phagocytic activity, and hemosiderin deposition were not encountered. 
A continuous migration of leucocytes in the direction of the zone of apposition was 
apparent despite the decrease in vasculature across the junction as it increased in 
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age. Angiitis and endarteritis contributed to the occlusion of vascular channels and 
interruption of cross circulation. There was no tendency toward progressive depo- 
sition of collagen and reticulum beyond the amounts accumulated during the first 
week of union. During the third week, the reaction retained essentially its fully 
developed character, and it neither increased nor decreased in amount or intensity 
with further passage of time. 


The ability of homologous tissues of rabbits in parabiosis initially to heal together 
at several tissue levels was impressive. Early in the healing process, there was 
union at endothelial, fibroblastic, collagenous, and epithelial levels. A capillary 
circulation, though transitory, was promptly established between the parabionts. 
Proliferating fibroblasts of both animals led to deposition of collagen and reticulum 
which bridged the plane of surgical anastomosis and united the interstitial tissues 
of the two animals. The dermal epithelial surfaces were intimately healed together, 
with no distinction between the cells of the parabionts at the line of anastomosis. 
The initial cellular activity closely resembled the healing of autologous tissues. 
with the possible exception of the coincidental development of the earliest trace 
of the incompatibility reaction. The sequence of healing at homologous aural 
junctions was similar in some respects to the sequence described by Rous in 
organization by the host of embryonic tissues upon transplantation.” Rous showed 
that homologous transplants of mouse embryonic tissues were generally capable of 
growth in the new host for a period of 7 to 10 days. During this time there was 
proliferation of connective tissues, cartilage, and dermal epithelium of the embry- 
onic explant. Capillary union with the host’s tissues occurred. After the brief 
period of cellular activity, the explants regressed and were generally absorbed. 

Vascular injury at homologous aural junctions was a conspicuous component 
of the incompatibility reaction. Early involvement of the vasculature was confined 
to small channels within the immediate vicinity of the zone of apposition. The 
exact method of interruption of the cross circulation was not determined as a 
well-defined series of histopathologic sequences. Capillaries simply disappeared 
from the junctional zone as the incompatibility reaction increased in density. Fibrin- 
ous thrombi were seldom encountered. Swollen endothelium, macrophages, and 
polymorphonuclear leucocytes seemed to be the principal elements which occluded 
the lumina of small vessels. In spite of the intense inflammation and the progressive 
loss of circulation across the plane of tissue anastomosis, the development of more 
numerous vascular channels to the vicinity did not occur. After two weeks or more 
of parabiosis, larger arteries and veins in the vicinity of the reaction were involved. 
so that panarteritis and panphlebitis were often conspicuous. The vascular injury 
remained confined in the neighborhood of regions of contact of homologous tissues 
and was never generalized throughout other, more distal organs and tissues of the 
parabionts. In this respect the types and variations of vascular disease were similar 
to those observed in a study of homologous musculofascial transplants, wherein 
only the vessels of the host involved in organization of the transplant were affected.’ 

It should not be inferred from the preceding comments that all incompatibility 
reactions of the same age were identical. There were differences in the over-all 
reactions among a series of parabiotic pairs, but these were principally differences 
in degree rather than basic pattern of reactions. Also, the reactions of two mem- 
bers of a pair were not always identical. When the difference in the reaction of 
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two members of a pair was considerable, the junctional reaction was designated as an 
asymmetrical one. In such instances one member of the pair reacted in the usual 
way and was designated as the “donzinant” reactor. The opposite member of the 
pair ordinarily reacted with a less well-defined inflammatory barrier and a more 
pronounced angiitis. This member was designated as the “weak” reactor. Though 
a careful survey has been made of the clinical records and postmortem findings in 
these cases, we have no explanation for the observed differences in reactions, Nor 
was there any explanation for similar differences in reactions when the objects 
of study were free musculofascial homografts.'| Perhaps these matters are related 
to the state of “parabiotic intoxication” which is so often emphasized as a cause of 
illness and death in parabionts. If there is an intoxication due to parabiotic union 
in rabbits, the present experiments and those of Beer have failed to disclose a 
consistent pattern of systemic histopathologic changes which can be correlated with 
the intoxication.* Doubtless more refined methods must be used before these 
problems can be solved. 
SUMMARY 


Rabbits of the same strain, but not highly inbred, were united in parabiosis 
by surgical anastomosis of their ears. During the first few days the tissues of 
the parabionts healed together almost as perfectly as comparable tissues of single 
animals in the control experiments. Mutual interpenetration of granulation tissue 
of the two animals was sufficient to establish a cross circulation and a firm collagen- 
ous union across the plane of anastomosis within three or four days. Even the 
dermal epithelium of the two animals grew together to bridge the united granula- 
tion tissues with a continuous multilayered epithelial surface. 

As the healing progressed to completion, it had to compete with an inflammatory 
reaction which developed with gradually increasing intensity on each side of the 
zone of contact of the granulation tissue of the parabionts. This reaction, which 
was ordinarily of equal magnitude on the two sides of the zone of contact, usually 
reached its maximum intensity within two or three weeks and remained unchanged 
thereafter. The first evidence of the reaction was a mild angiitis, which was detec- 
table in the zone of apposition of the homologous granulation tissues as early as 
the third or fourth day. Within the next few days, the progressive angiitis was 
obscured by the development of linear interrupted areas of acute necrosis in the 
appositional zone. This process was accompanied by a conspicuous marginal 
accumulation of polymorphonuclear leucocytes, external to which there was a broad 
granulomatous zone of monocytes and lymphocytes with numerous vascular channels 
showing various degrees of angiitis. 

The gradual development of this incompatibility reaction was accompanied by 
a partial reversal of the healing process, for during the second week of parabiosis 
it became impossible to demonstrate a cross circulation, and the once-united dermal 
epithelium of the parabionts separated as the subjacent incompatibility stromal 
reaction developed. Despite this extent of reversal of healing, the ears of the 
parabionts remained firmly united by bundles of collagen and reticulum which 
were surprisingly resistant to the generally destructive effects of the incompatibility 
reaction. 


* References 9 and 10. 
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RECENT DEVELOPMENTS IN ENVIRONMENTAL CANCER 


W. C. HUEPER, M.D. 
BETHESDA, MD. 


(Continued from page 399) 


B. OrGanic CHEMICALS 


1. Bensene.— During the past 15 years numerous additions have been made to 
the list of cases showing that a prolonged, low-level occupational exposure to 
benzene may result in the development of leukemia. It seems to be well established 
that such contacts may elicit not only aplastic anemia and panmyelophthisis, but 
also hyperplastic reactions of the erythropoietic and leucopoietic tissues (agnogenic 
myeloid hyperplasia), evidenced in the peripheral blood by the appearance of 
erythrocytoses and hyperleucocytoses of sometimes leukemoid proportions.* More 
recent observations on benzene workers have shown that there may occur gradual 
transitions from such hyperplastic reactions into definitely leukemic conditions, 
they being either of the myeloid or lymphoid type or, occasionally, assuming the 
character of lymphosarcoma,? chloroleukemia,*”’ or erythroleukemic myelosis.** 
Myeloid leukemias of an acute or chronic variety were reported in 19 cases,t and 
myeloid aleukemia and lymphoid leukemia were seen twice each.§ In one case acute 
leukemia followed upon exposure to naphthol.*’® Thus there is on record a total 
of 28 cases of cytologically identified malignant hematopoietic reactions following 
an exposure to benzene, which may be extracted from the bone marrow many 
months after cessation of expesure. 


Some evidence exists indicating that the course of events seen in the develop- 
ment of benzene leukemia from transitory hypoplastic agranulocytic reactions 
followed by a passage through hyperplastic and leukemoid reactions into the full- 
blown leukemia is characteristic of the symptomatic pattern of leukemia in general. || 
The completion of the entire cycle may take several years, It seems, moreover, that 
myelotoxic chemicals which may elicit allergic agranulocytic episodes furnish the 
specific stimulus for such developments." 


2. Aromatic Amino and Aso Compounds.—The last 10 years have seen many 
accessions to the list of publications on carcinogenic aromatic amines and related 
azo compounds. An increased interest in the carcinogenic action of these chemicals 
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* References 208-214 and 278-292. 

+ References 280, 293, and 294. 
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has developed not only because of the recent demonstration of occupational bladder 
cancer among workers in aniline dye plants of several countries in which they had 
not previously been discovered (France, Italy), but also’ on account of the con- 
tinued, and in part increased, appearance of such tumors among aniline dye manu- 
facturers of countries in which they had been reported before. The successful 
production of cancers in experimental animals by the administration of other 
aromatic amino and azo compounds, particularly dyes employed in the coloring 
of foodstuffs, cosmetics, and drugs brought about an active revival of interest in 
these compounds, which had lagged for many years following the initial discovery 
of bladder cancer among fuchsin producers. 

Table 19 shows strikingly the march of the aromatic amine cancers of the 
bladder through the different countries some 10 to 20 years after the establishment 
of aniline dye manufactures. 


Taste 19.—Time Table of the Discovery of Aromatic Amine Cancers of the Bladder 
in Various Countries 


Approximate 
Total 
Number of 
Pepillomas 
and 
Carcinomas 
Country Discoverer Year Up to 19% 
Germany..... Rehn 1895 
Switzerland Schedler 1905 199 
Great Britain... Ross 1918 325 
Russia....... Rosenbaum and Gottlieb 1926 75 
United States dtnkieboked dus ‘ Ferguson and others 1934 250 
Italy..... di Maio 1986 
Nagayo and Kinosita 1940 7@ 


France...... Billiard-Duchesne 


The available information, which, however, is not identical with the published 
records, notes the occurrence of approximately 1,500 cases of occupational bladder 
tumors reported from all sources. Since 1941 # the following additional contribu- 
tions were published on the occurrence of aromatic amine cancers of the bladder : 
United States, none (last report in 1938 noting about 100 cases) ; Great Britain, 
10*; Germany, 3 +; Switzerland, 4}; Italy, 4 §; France, 5 ||; Russia, 1 “*; Japan, 
1. Recent observations by Case and co-workers *’* and Chute ** suggest that 
an aromatic amine bladder cancer hazard may exist also for rubber workers exposed 
to antioxidants containing beta-naphthylamine as a contaminant.**’ It may be men- 
tioned, moreover, that, according to Hamilton and Hardy,** a case of bladder 
cancer in a trinitrotoluene worker was accepted in Germany as compensable 
because the chemical is excreted in the urine as an amino compound. Williams,{ 


# References 208-214, 
* References 316-325. 
t References 326 and 327; Wolff: Personal communication to the author. 
t References 328-331. 
§ References 332-335. 
|| References 339-343. 
§ Williams, M. H. C.: Personal communication to the author. 
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who produced cancer of the bladder in dogs given 4-amino diphenyl, suggested 
that the production and use of rubber antioxidants made from this amine might 
he associated with a similar hazard to man. English observations, moreover, indi 
cate that bladder cancer hazards are connected with the manufacture of auramine 
and magenta. 

It can be considered as established that at least two aromatic amines, namel\ 
beta-naphthylamine and benzidine produced jor the manufacture of dyes and related 
products, possess carcinogenic properties and cause cancers of the urogenous 
organs, particularly the bladder. Of these two chemicals, beta-naphthylamine appear- 
to be, according to plant experience, the more dangerous one. An occupational 
exposure to this substance for only six months seems to be sufficient to elicit bladder 
tumors in some individuals after a latent period of some 10 to 15 years. Excessive, 
uncontrolled exposure to these amines was in former decades associated with a 
bladder tumor attack rate approximating 100% of the worker population at risk 
In Basle, bladder cancer was found to be 33 times as common among dye workers 
as among the males of this region.**' English investigators place the risk of con- 
tracting tumors of the bladder at about 33 times that of the population at large for 
“mixed exposures” to aromatic amines, at 16 times for alpha-naphthylamine, 61 
times for beta-naphthylamine, and 19 times for benzidine.** 

The claim recently advanced by Rhoads *** that beta-naphthylamine is almost 
without effect in the female is obviously incorrect, since the experimental produc- 
tion of bladder cancer with this chemical was first achieved exclusively on female 
dogs, not only by Hueper and co-workers,*** but even by Rhoads and co-workers 


(Hartwell *’*). The additional suggestion of Rhoads to administer estrogens pro- 
phylactically to workers occupationally exposed to beta-naphthylamine for the 
prevention of bladder cancer is obviously of highly dubious merit. 


A number of other aromatic amines were and, in part, still are suspected of 
possessing carcinogenic properties. Thus, o-toluidine and dimethylaniline are 
thought to have been the cause of bladder cancers observed in fuchsin producers 
during the early days of the industry. Aniline does not seem to be carcinogenic to 
man, although it was originally suspected to be so and, for this reason, has given 
its name to these occupational cancers (“aniline tumors’). Bladder tumors have 
also been observed among alpha-naphthylamine workers in this country and abroad 
It is at present assumed that the presence of about 3 to 5% beta-naphthylamine in 
the alpha-naphthylamine is responsible for these neoplasms. 

The carcinogenicity of beta-naphthylamine and benzidine has been confirmed in 
animal experiments (beta-naphthylamine, dogs | bladder cancer| # and mice | fibro- 
sarcoma] *; benzidine, dogs [bladder cancer] and rats [hepatomas, ear duct car- 
cinomas, leukemias| +). There is, moreover, evidence that apparently some of the 
urinary metabolites of these amines are also carcinogenic. Hueper { produced, with 
an impure 2-amino-1l-naphthol obtained by Wiley from the urine of dogs fed beta 
naphthylamine, several intraperitoneal tumors after repeated intraperitoneal injec 
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tions of an oily solution. Using pure 2-amino-1l-naphthol incorporated into paraffin 
pellets and placed into the bladder lumen of mice, Bonser and co-workers § obtained 
papillomas and carcinomas. The subcutaneous introduction of this metabolite into 
mice also resulted in the development of cancers, while the intravesical administra- 
tion of beta-naphthylamine into mice did not cause tumor formation. The feeding of 
this chemical to mice, dogs, rats, rabbits, and guinea pigs, on the other hand, by 
various investigators || was followed by the development of hepatomas. In recent 
studies of Bonser and co-workers on the excretion of 2-amino-1l-naphthol after 
the administration of beta-naphthylamine to dogs, rabbits, rats, and mice, it was 
shown that there exists a parallelism between the relative amounts of 2-amino-1- 
naphthol excreted and the development of bladder tumors in the different species. 


Similar claims as to the noncarcinogenic character of the original aromatic 
amine and the carcinogenic action of the hydroxy metabolite were advanced by 
Baker. There is, according to Baker, no evidence that benzidine base is carcino- 
genic. The subcutaneous injection of a metabolite of benzidine, namely 3,3’-di- 


hydroxy-4,4’-diaminodiphenyl, into mice resulted in the development of tumors of 
the bladder and liver. 


The high frequency of primary cancers in other organs in addition to those 
present in the urogenous system of dye workers suggests that these aromatic amines 
uperate not only by way of the urine but also by hematogenous spread.# 


There are a number of other aromatic amines which have produced tumors in 
experimental animals upon oral medication or parenteral introduction (4-amino- 
diphenyl ; 3,2’-dimethyl-4-aminodiphenyl ; N,N-dimethyl-4-aminodiphenyl, p-tolui- 
dine ; o-toluidine ; acetylaminofluorene, and others) * and which may occur as 
contaminants or intermediaries in certain chemical operations. Cancers have been 
elicited by these chemicals in various organs, including the bladder, liver, brain, 
intestine, etc., of rats and/or dogs. 


Of special interest in connection with environmental carcinogenesis, however, 
is the demonstration of carcinogenic properties of some aniline dyes, since they are 
used as coloring agents for many industrial purposes, as well as in foodstuffs,7 
cosmetics, and drug preparations,f while others, such as Evans blue, toluidine blue. 
scarlet red, and fuchsin, are employed as medicinal agents,$ for fumigating pur- 
poses,*”* and as gasoline dyes.*’* While several investigators have suggested that 
the former and/or continued use of butter yellow ( p-dimethyl-amino-azobenzene ) 
as a food dye (butter, margarine, rice, etc.) has caused a rise in the liver cancer 
incidence in the Austrian population in recent years“ or is responsible in part 
for the high incidence of this neoplasm among Oriental peoples,|| there is no reliable 
evidence available supporting such a contention. 
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There is, on the other hand, abundant evidence on hand attesting that a pro- 
longed dietary intake of this dye and related food dyes (oil orange yellow |benzene- 
azo-beta-naphthol |, oil yellow H. A., and azo covipounds) may elicit in rats, mice. 
and dogs placed on a vitamin B complex (riboflavin )-deficient diet, tumors of the 
liver and/or other organs (bladder, ear duct, etc.).{ It was shown, moreover,” that 
there was a potentiated synergistic effect on hepatoma formation in rats when two 
different amino compounds or azo compounds were simultaneously administered.*”* 
The observations of Druckrey,# with chrysoin SGX (2,4-dioxyazobenzol-2'4-sodium 
disulfonate), show that only some of these dyes have carcinogenic properties. 
Mention may also be made of repeated experimental demonstrations of carcinogenic 
properties of several certified food dyes used in this country and abroad, belonging 
to the triphenyl methane group (light green SF, brilliant blue FSF, fast green 
FCF), when these dyes were repeatedly injected into the subcutaneous tissue of 
rats, where fibrosarcomas arose.* No tumors, however, developed when the dyes 
were given orally. Recent investigations with a specially purified neutral light 
green SF undertaken by Gross showed that the carcinogenic effect was present 
with the pure dye and thus was not the product of some impurity.t Brilliant blue 
FSF has been removed from the list of certified food dyes and light green SF 
from that of the cosmetic dyes permitted in Germany. 

Whether or not the appearance of sarcomas of the lymphoid type in rats fed 
amaranth, ponceau SX, light green SF yellowish, Guinea green B, and hematoxylin 
is actually due to the dyes given needs confirmation.*** Rhodamine B, a xanthine 
dye, when injected subcutaneously into rats produced fibrosarcoma, but was 
innocuous when given by mouth.*” Reticulum cell sarcomas of the liver were 
obtained when trypan blue was repeatedly injected into rats.{ Since congenital 
malformations were observed in the offspring of rats treated with trypan blue. 
there is a possibility that this dye may also have a transplacental carcinogenic 
etfect,*” similar to that exerted by urethan. 

Finally, mention may be made of the production of fibrosarcomas in the sub- 
cutaneous tissue of mice following the injection of sulfonamides § and of renal 
adenocarcinomas, abdominal fibrosarcomas, and lymphosarcomas in rats and of 
round cell sarcomas in mice following the subcutaneous implantation of sulfonamide 
pellets.°” 

The evidence on hand indicates that aromatic amino and azo compounds possess 
carcinogenic properties to an extent which makes thorough and competent investi- 
gations of all such chemicals which have close contact with man an urgent necessity. 
It is apparent, moreover, that possible cancerous reactions from exposure to 
carcinogenic members of this large group of chemicals are not necessarily restricted 
to the organs of the urogenous tract, but may manifest themselves in other tissues 
and organs, such as the liver, hematopoietic tissues, and intestine. 


3. Coal Tar, Pitch, and Creosote Oil.—Occupational contacts with coal tar. 
pitch, soot, and creosote oil has furnished during the past 12 years a considerable 
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number of new cases of cancers of the skin, at least in Great Britain, where, by 
now, for over 30 years epitheliomatous lesions caused by coal tar and mineral oil 
have been reportable with the Chief Inspector of Factories and Workshops.|| The 
stimulus provided by such a statutory notification upon a more general recognition 
of the environmental causation of epitheliomata is clearly discernible from a graph 
of Henry showing the number of notified cases during the period of voluntary 
notification (1911 to 1920, with 182 cases) and that of the statutory notification 
(1921 to 1949, with 6,624 cases) (Fig. 3). The annual figure of cases increased 
in England and Wales from 45 cases, in 1920, to 245, in 1946, dropping to 190 in 
1949. A total of 25 skin cancers was attributable to contact with creosote oil among 
creosoters of wood and warehouse workers; 2,652 had exposures to coal tar and 


pitch, 1,658 to shale oil and mineral oil, and 312 had contact with both coal tar 
and oil, 


The large number and variety of occupations which contributed these exposures 
ire especially instructive to those whose professional activities are related to the 
technologic, sanitary, and medical control of the carcinogenic agents of our modern 
industrial environment. Equally profitable is a study of the occupations which, 
according to Henry, show an excessive incidence rate of cancer of the skin, penis, 
and scrotum. Additional official data on the number and sites of skin cancers 
attributable to occupational contacts with coal tar products and the occupations 
involved are contained in the annual reports of the Chief Inspector of Factories.§ 


British investigators have furnished other excellent epidemiologic studies on 
occupational coal tar and pitch cancer, dealing with incidence rates among special 
occupational groups, age distribution, length of exposure time and of latent period, 
influence of complexion on susceptibility, preventive measures, therapeutic pro- 
cedures, and similar aspects. Irwin and Goodman *** contributed _ statistical 
methods of measurements of carcinogenic properties of tar, while Berenblum and 
Schoental * studied its carcinogenic constituents. The various coal tars, arranged 
in ascending order of the degree of cracking they have undergone, and thus the 
imounts of naphthalenes, anthracenes, and similar complex ring compounds they 
contain, appear as follows: (1) low temperature tar, (2) blast furnace tar, (3) 
vertical retort tar, (4) horizontal retort tar, and (5) coke oven tar.*'* This order 
parallels roughly the scale of carcinogenic potency of the various tars. Since the 
treatment of skin diseases with coal tar preparations is still much in vogue,? it is 
of interest that Berenblum produced cutaneous cancers in mice painted with solu- 
tion of coal tar (B. P.).*° 


The original observations of Kawahata t on the excessive incidence of lung 
cancer among generator gas retort workers in a Japanese steel mill (5 per 1,000) 
have recently been confirmed by similar findings among English and Canadian gas . 
producers, i. e., mainly retort workers and stokers § who inhale tar fumes. It 
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CUTANEOUS CANCER IN RELATION TO OCCUPATION 


GRAPH SHOWING THE NUMBER OF CASES OF CUTANEOUS “nee 
& FEMALES IN ENGLAND. WALES & SCOTLAND NOTIFIED 
FROM 1911 — 1949 INCLUSIVE. 


STATUTORY NOTIFICATIONS 4624. 


THE DOTTED OF THE GRAPH DENOTES THE NUMBER OF CASES 
BY SHALE OIL & MINERAL OJL ONLY. 
Fig. 3.—Cutaneous cancer in relation to occupation. Graph showing the number of cases of 


cutaneous carcinoma in males and females in England, Wales, and Scotland; notified annually 
from 1911 to 1949 inclusive. 
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appears, therefore, that a frequent occupational inhalation of tar fumes produced 
hy the coking of coal conveys an excessive liability to cancer of the lung. In a 
recent analysis of the occupational diseases among workmen of Swiss gas coking 
plants, Menz ** stated that 21 of 93 deaths (22.6%) were caused by cancer. 

Reports from other countries show that there were notified with the Chief of 
the Medical Inspection, Ministry of Labor in Belgium, between 1933 to 1947, a 
total of 22 cases of cancer of the skin due to an occupational exposure to tar, pitch, 
and mineral oil.“ There was placed on record in Germany only one case of cancer 
of the scrotum in a tar worker and a cancer of the skin in a carbon-black worker, 
while none were seen in electrode manufacturing operations.‘ 

From France a single acute traumatic tar cancer of the lip burnt by a drop of 
hot tar was reported.*** 

Somewhat less scanty are the reports on occupational tar cancer from the United 
States. The occurrence of 5 cases of skin cancer among 100 workers employed in 
the manufacture of electric conduits covered with pitch-impregnated paper was 
reported by Schwartz and Tulipan.*** Two additional cases in coal tar distillery 
workers and the first American case of creosote skin cancer were recorded by 
Downing.**® Information is available, moreover, on at least nine skin cancers among 
workers engaged in the impregnation of paper conduits with molten pitch and on 
25 cases of skin cancer ubserved within an eight-year period among the workers 
of a tar distillery. Subsequent investigations, moreover, established the fact that 
cancers of the lung were also seen among tar distillery workers who are exposed 
to the inhalation of tar fumes during the distillation process, as well as during the 
manufacture of various products made from tar fractions, such as tar paint used 
especially for the coating of gas and oil pipes. There can be no doubt that the great 
majority of occupational tar, pitch, and creosote cancers of the skin and, possibly, 
of the lung which occurred in this country have remained unreported and/or 
unrecognized, considering the fact that the number of workers having contact with 
such products is considerable. In the Pittsburgh area alone a total of over 4,000 
workers is employed in by-product coke plants and gas generators. That occupa- 
tional exposures to anthracene oils also exist in the United States is indicated by 
a warning issued by the Illinois Department of Labor‘ to guard against the 
inhalation of anthracene oil fumes produced when roofing pitch is heated to tem- 
peratures above 400 F. 

It may be mentioned in this connection that the newly developed industry 
manufacturing oils, tars, and waxes by the direct ( Bergius) or indirect (Fischer- 
Tropsch) hydrogenation of coal may also be associated with the generation of 
carcinogenic material. Recent investigations of Hueper **? on experimental animals 
with a larger number of these products showed that some of them, particularly the 
high-boiling fractions, possess a considerable degree of carcinogenic potency when 
applied to the skin or injected intramuscularly. There is some suggestion that the 
products of the Fischer-Tropsch gasification and hydrogenation process may cause 
liver tumors. 

The evidence on hand indicates that occupational exposures to coal tar, pitch, 
creosote oil, anthracene oil, and the asphalts and carbon blacks made from coal 
combustion products are associated with distinct cancer hazards to the skin and 
respiratory organs. It is as yet uncertain whether such hazards extend to other 
organs, such as the hematopoietic tissues and the bladder, although a few scattered 
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observations suggest such effects as to the production of leukemia, while English 
statistical evidence shows a positive correlation of gas workers to cancer of the 
bladder. || 

Since the question of a carcinogenic action of wood tar has repeatedly been 
raised in recent years,{ it may be noted that Henry # is uncertain whether several 
skin cancers notified were attributable to wood tar. Wood soot obtained from the 
chimney of a smoked sausage factory, when applied to the skin of rats or implanted 
subcutaneously, elicited cancers in a moderate number of animals.‘** However, 
tumors were not obtained when the soot was given orally. Since skin cancers have 
been observed among turpentine makers, the problem needs further investigation 
because of the fact that exposures to wood soot exist for occupational, dietary, 
medicinal, and general environmental reasons. 


4. Shale Oil and Lignite Oil.—No new cases of cancer of the skin or lung 
caused by exposure to tar and oils obtained by the retorting of lignite have been 
reported in recent years from Germany. It is possible that most of these carbona- 
ceous resources have been used for the production of oils and related products by 
the Bergius and Fischer-Tropsch procedures. Cancers of the skin have not been 
observed so far among the German workers employed in these manufactures, 
according to information received from competent German observers. 

Exposure to shale oils, i. e., crude paraffin oils and lubricating oils, by manu- 
facturers and consumers of these oils has continued to give rise to cancer of the 
skin in Great Britain. Mule spinners’ cancer affecting mainly the scrotum, vulva, 
and forearm has remained an active source of occupational cancers in England and 
Wales,* despite great efforts made toward the production of a noncarcinogenic 
lubricating oil ¢ and the development of mechanical devices reducing the splashing 
of lubricating oil from the rotating spindles. Special mention is deserved here of the 
rather recent appearance of cancer of the vulva among female workers employed in 
cotton-spinning operations.{ Through a special survey made, Henry ascertained 
that over 59% of the women with vulvar cancer observed in six hospitals had been 
cotton operatives, although only 28% of the admissions were of women related 
to the staple cotton industry. The occurrence of skin cancers among brick manu- 
facturers coming in contact with the mineral oil used for coating the molds was 
emphasized by Keatings and Potter.**' 

Studies on the carcinogenic constituents of shale oil and related aspects were 
published by Berenblum and Schoental.§ The presence of 3,4-benzpyrene in blue 
shale oil was demonstrated through characteristic fluorescent spectra. 

Recent bioassays made of American shale oil produced in a pilot operation by 
the Bureau of Mines showed that American shale oils boiling above 600 F. also 
possess carcinogenic properties, although the samples tested were less potent than 
corresponding Scottish oils.|| It seems appropriate to keep such observations in 
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mind when using shale oil preparations in the prolonged treatment of dermatologic 
conditions {| if medicinal cancerous sequelae some 10 to 30 years later are to be 
avoided. 

The inhalation of shale oil droplets suspended in the air of spinning rooms have 
according to Kennaway, not produced an increased liability to lung cancer among 
the spinners. While Zeglio *** reported the presence of respiratory symptoms among 
manufacturers and users of tars obtained from bitumen, there is no reference made 
to lung cancer. 

Although shale oils are produced in many countries (Scotland, France, Ger- 
many, Esthonia, Australia, Sweden, and United States), occupational cancers 
caused by these agents have so far been reported from Great Britain only. Since 
the manufacture of shale oils in the United States is of rather recent date and still 
in an experimental stage, occupational cancer hazards are here mainly problems 
of future developments. 

5. Petroleum and Petroleum Derivatives.—There have been few published 
reports on the occurrence of occupational cancers of any organ because of contact 
with petroleum products from any country during the past 12 years. Petroleum 
products of high boiling point are extensively used in industry for a great variety 
of purposes, such as industrial, domestic, and diesel fuels; lubricating, cooling, cut- 
ting, and quenching oils; road asphalts and tars; rubber plasticizers; paints; raw 
material for carbon-black production; insulating material, and building materials 

From American sources there are on record a few general statements on the 
carcinogenicity of certain petroleum products observed among producers and con- 
sumers, without any definite numerical and occupational data.# Schwartz, Tulipan 
and Peck ** reported that among 743 oil field workers in California, 146 had kera- 
totic lesions on hands, forearms, face, and neck, of which 5 were epitheliomatous 
and found among 209 well pullers heavily exposed to crude petroleum (2.5%). 
They had been exposed to the oil for from 9 to 30 years and were mostly of fair 
complexion. A study of 330 oil field workers in Texas, on the other hand, did not 
show any abnormal incidence of epitheliomas. It may be possible that the difference 
in behavior in the skin cancer incidenee between oil field workers in California and 
those in Texas is due to different carcinogenic properties of the crudes, since some 
such differences have, at least experimentally, recently been found.**? On the other 
hand, consideration must be given to the fact that workers in oil fields in both 
states become exposed to intense sunshine. Since it cannot readily be assumed that 
Texas sunshine is less potent carcinogenically than California sunshine, there 
remains some doubt as to the actual significance of these observations, 

Of definite importance, however, is the recent rediscovery of the occurrence of 
scrotal cancer among American oil refinery workers employed in the paraffin 
pressing operation.““* According to Peller, citing from a communication of R. E 
Eckardt and N. V. Hendricks, there were eight scrotal cancers among a total of 
83 cancers of all sites among a refinery population of 2,500 during 1937 to 1948. 
All of the scrotal cancers plus seven internal cancers occurred in the small group 
of about 120 pressmen of the wax and paraffin department (scrotal cancer rate 
among pressmen 312 per 100,000, as against 0.15 among the male population at 
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large per year). It may also be of significance that five of the nine cancers of the 
lung observed among empleyees of the refinery were present in workers of the 
paraffin department, where an exposure to oil fog exists. It is evident from these 
observations that some American petroleum products occurring in refineries are 
carcinogenic and that apparently small groups of workers are mainly exposed and 
thus show an excessive liability to skin and lung cancer. Incidence rates for cancer 
among oil refinery workers, therefore, are likely to give incorrect results as to the 
existence of carcinogenic oils if they are calculated for the entire complement of a 
refinery with disregard of these pertinent facts.'** 

Perhaps mention may be made in this connection of the fact that in an oil 
refinery a considerable number of things are handled which have recognized or 
suspected carcinogenic properties (asbestos, smoke, welding fumes, benzene, 
chlorinated hydrocarbons, radioactive materials, phenyl beta-naphthylamine, chro- 
mium, coal tar, bitumastic, pitch, nickel salts, petroleum oils of various types, 
untreated wax, and ultraviolet radiation).““° While it is not likely that all these 
agents come in contact with all refinery workers all of the time, there is a certain 
probability that some of them provide effective exposures to some of the workers 
for some of the time, if not all of the time. 

A petroleum refinery with its petrochemical attachment, which in the types and 
variety of environmental chemical agents handled resembles in many respects a 
rubber-manufacturing establishment, thus appears to be a place where contacts with 
carcinogenic chemicals should not infrequently occur if no special precautionary 
measures are taken. 


Equally scanty as to the number of petroleum cancers notified are the records 


of the Chief Inspector of Factories in England and Wales. Henry suggested that 
perhaps such cases were not reported and that some steps might have to be taken 
to improve this situation. In a survey of workers exposed to cutting oils by skin 
contact and inhalation in automatic machine shops, Cruickshank and Squire ** 
found that there occurred with lengthening employment an increase in the number 


of warts and hyperkeratoses located on the hands and forearms as well as, less 
often, on thighs or knees. An analysis of the cases of scrotal cancer seen in the 
Birmingham area revealed that in 12 out of 34 cases an occupational exposure to 
cutting (six), lubricating, or quenching oils had been present. Only one of the 
12 had worked outside the engineering industry. A sample of used cutting oil which 
was tested on mice (C57) by skin application produced merely local irritation, 
while rabbits developed papillomas. Since cutting oils are often complex mixtures 
of various ingredients, including petroleum oils or shale oils, it remains open 
whether or not the observations of Cruickshank and Squire incriminate fully the 
petroleum fraction contained in the cutting oils as the carcinogenic factor. It is 
apparent, however, from a report of Auld * that the English petroleum industry 
is alerted to the possibility of industrial cancer hazards related to the production 
and use of various petroleum products. 

The singular observation of the appearance of papillomas of the scalp, treated 
for 10 years with Brilliantine, containing mineral oils, and subsequently of papil- 
lomas on other, nonexposed parts of the body, all of which disappeared within four 
weeks after the applications were discontinued, is of very doubtful significance as 
to a potential carcinogenic action of petroleum products, especially as the possibility 
exists that such preparations may have contained coal tar derivatives.** 
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Increased attention has been given in recent years to the possibility that the 
inhalation of mineral oil mist or fumes from high speed machinery, from quenching 
baths in foundries, from high pressure grease guns and diesel jets, from spraying 
of metal parts with oil, and from high temperature operations ( refineries, core 
making, and other foundry processes ), or the aspiration of medicinal mineral sprays, 
may result in the production of lung cancer. 


Observations of several French investigators lend some support to this concept.* 
Huguenin and co-workers found that among 112 cases of lung cancer, 18 were 
metallurgical workers, 8 were chauffeurs, 5 mechanics, and 1 an engineer (28.5% 
of the group exposed to inhaled oil). In view of the fact that there was observed, 
as mentioned above, a highly excessive lung cancer incidence among paraffin 


pressers who were exposed to an oil of established carcinogenicity, and considering 
the isolated occurrence of lung cancer in persons with liquid petrolatum (lipid) 
pneumonia,? the likelihood of the actual existence of causal relations between the 
inhalation of finely dispersed mineral oil and lung cancer is great indeed. 


Extensive experimental studies conducted during recent years, mainly under 
the sponsorship of the petroleum industry in the United States and England, have 
clearly established the fact that an appreciable number of high boiling oils (fuel 
oils and lubricating oils) possess carcinogenic properties for the skin of mice. 
rabbits, and monkeys.f Since most of the various fractions studied are products 
of the catalytic cracking process introduced about 10 years ago, no human cases 
have as yet come to observation. There is, however, no doubt that cancer hazards 
from such oils are not restricted to employees of the refineries, but extend to the 
consumers of these products when they are used in a nonmodified form. There is, 
moreover, some experimental evidence indicating that carcinogenic contaminants 
are present in some of the lower boiling fractions used as vehicles and basic 
chemicals. 


Experimental investigations of recent years have furnished some observations 
on the occurrence of intestinal neoplasms in mice and rats after the ingestion of 
various types of mineral oil.§ These findings are of some potential human impor- 


tance, since mineral oils are used for medicinal purposes, have been employed as 
substitutes for vegetable oils in salad dressings, as shortening in baked goods, and 
as pan greases. The last-mentioned use is particularly objectionable, because the 
mineral oil constituents of such greases are repeatedly heated to relatively high 
temperatures and thus originally noncarcinogenic products may be converted into 
carcinogenic ones.||_ It has been shown, moreover, that emulsified mineral oil pene- 
trates the intestinal mucosa and accumulates in the mesenteric lymph nodes,*** 
thus creating long-term exposures. 


Finally, mention may be made of the accidental introduction of fuel and lubri- 
cating oils under high pressure into the human tissues (diesel jet and grease gun 
injuries).{ Malignant sequelae from such accidents have not been reported. 
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Serious attention must be given in the future to the possibility that cutaneous 
or respiratory contact with the sooty, incomplete combustion products of carcino- 
genic petroleum oils (carbon blacks and soot) may cause cancer of the skin or 
lung. It has been established that carbon blacks contain carcinogenic hydrocarbons 
and that benzene extracts of carbon blacks when applied to the skin of mice produce 
cancers.# The apparently normal cancer incidence among carbon black manufac- 
turers reported by Ingalls *' is based on data which readily can give a distorted 
picture, because the great majority of the workers included in the analysis had 
been employed for too short a period of time to have passed even the minimum 
length of latent period, while no attempt was made to ascertain the fate of former 
workers, especially deceased ones. The problem of cancer hazards among producers 
and users of carbon blacks (carbon black industry, rubber industry, ink industry, 
printing industry, paint and lacquer industry) is in need of a thorough and com- 
petent reinvestigation. 


6. lsopropyl Oil—The most recently discovered occupational cancer is repre- 
sented by the cancers of the respiratory system (paranasal sinuses, larynx, and 
lung) in isopropanol manufacturers.*’? The first case appeared in 1937, about 10 
years after the establishment of the manufacture of isopropyl alcohol from pro 
pylene gas. So far a total of 12 cases has been observed among isopropanol workers 
of two different companies. The majority of these tumors were found in the nasal 
sinuses (seven); the remainder involved the larynx (four) and the lung (one). 
The attack rate is high, considering the fact that 7 cases were found among a total 
of 71 workers employed in this operation for more than 5 years and among 31 
employed for more than 10 years; i. e., cancers of the respiratory tract developed 
in 8.4% of employees exposed for more than 5 years. It was calculated that in 
one plant the incidence of sinus and larynx cancer per year per 100,000 was 134.5, 
as against an expected incidence of 6.3. While the absolute numbers of these new 
occupational cancers so far observed are still relatively small, their recognition 
repeats a pattern of discovery several times found in the past (bladder cancer in 
fuchsin workers, lung cancer in chromate workers, etc.). 


The actual nature of the causal agent is still uncertain. It appears from the 
evidence that it might be contained in the somewhat volatile crude liquor (isopropy! 
oil) from which the isopropanol is distilled. There is no evidence that it is isopro- 
panol, but possibly it is one of the by-products, such as isopropyl ether, isopropy! 
peroxide or epoxide, mesitylene, or polypropylene. It may be of significance that 
some of these agents have a tendency toward polymerization and that low-polymer 
condensates formed while the original material is in contact with the tissues are 
the actual causal agents. This concept is advanced in view of the recent demon- 
stration of carcinogenic properties exerted by a considerable number of synthetic 
polymers (polyethylene, polyvinyl chloride, polyamides, Cellophane, Bakelite, etc. ) 
and the formation of “polymer cancers” in rats and mice following their parenterai 
introduction, 

Upon observations made during a personal study of the exposure conditions 
prevailing in one of the plants involved, on which proposals of the subsequently 
executed experimental work were based, it became apparent that cancers seemed 
to occur especially often among foremen who at times of accidents, such as breaks 
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in pipe lines, leaking pumps, and similar defects causing leaks of the isopropyl oil, 
sustained a severe, and sometimes prolonged, exposure to isopropyl oil vapors. 
These findings demonstrate again the fact that workers engaged in maintenance 
and repair work providing opportunities for transitory intense exposures to indus- 
trial carcinogenic materials have a special liability. 


In the absence of conclusive experimental evidence as to the nature of the causa! 


agent, it remains uncertain whether the cancers in isopropanol manufacturers repre- ° 


sent manifestations of cancers caused by aliphatic chemicals, cyclic compounds, or 
polymerized condensates. Since isopropanol is used not only as a purified product 
ior medicinal purposes, but also in huge quantities as a technical product in industry 


Taste 20.—Number of Skin Cancers per 100,000 Population in Six Urban Areas 


Percentage 
ate 

for White 

Males of All 

Region City Rate Cancers * 
Northern area Detroit a 12.3 
Chicago 25 12.5 
Pittsburgh 37 16.0 


Southern area New Orleans 129 6.0 


Dallas; 10 
Fort Worth 
Atlanta 157 38.5 


Birmingham 43.3 


These rates parallel rather closely the percentages of total possible sunlight for the different com 
nunities or regions (Dallas, Texas, 60 to 80%: New Orleans, 62 to 64%; Pittsburgh, 3 to 57%; Detroit, 40 to 
%). Peller,°°* quoting from work of H. F. Dorn, presents the following data on skin cancer incidence per 
00,000 population in three parts of the country 


Incidence of Skin Cancer 


Region of Cities Males Females - 
North..... 23 18 
South..... 116 70 


Whites 35 2s 
Negroes.... 5 4 


(rubber, paint, ete.), further inquiries on the possible presence of respiratory cancer 


hazards among employees of such operations are in order. 


C. Puysicat AGents 
1. Ultraviolet Radiation.—Recent years have brought a great number of epi 

demiologic studies originating in several countries which attest the causal connection ’ 

hetween exposures to solar radiation and the development of cancers of the exposed 

skin.* McDowell,” giving the prevalence rates of skin cancer in different parts of 

the United States, presents the listing in Table 20. ‘ 
Similar observations on the direct relation between exposure to solar radiation 

and cancer of the exposed skin have been made in Argentina, Colombia, Australia. 

Kenya, and South Africa. It is uniformly reported that fair-complexioned persons 

are much more susceptible than brunettes, and that nonwhites show a decreasing 

susceptibility with increasing skin pigmentation. While it is usually stated that 

Negroes are refractory to solar cancer of the skin, this may not be entirely correct 
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It is not unlikely that the normal resistance provided by their normally high pig- 
mentation is absent during the reepithelization of the frequently observed ulcers 
of the lower extremity, and that this factor explains at least in part the relatively 
high incidence of skin cancer of the lower extremities of African Negroes, where 
these parts of the body are not covered by clothes and are thus exposed to sunlight. 
While it is doubtlessly correct that the degree of pigmentation is an important 
factor in determining the susceptibility of the skin to the carcinogenic action of 
ultraviolet radiation, recent experiments of Hueper*'® on haired and congenitally 
hairless rats, having a thick, cornified, corrugated skin have shown that the action 
of ultraviolet rays on the epidermis depends also upon the thickness of the covering 
cornified layer, because the hairless rats proved to be resistant to the carcinogenic 
action of ultraviolet radiation generated by a high-power mercury are lamp. 

Apart from environmental and occupational exposures to ultraviolet radiation 
contained in solar light, there occur also occupational exposures to artificial sources 
of this type of radiation."* The greatest interest has been attracted by exposures 
to ultraviolet rays contained in the electric welding arc.*'* While most of the reports 
on this matter deal with effects upon the eye, reference has repeatedly been made 
to the occurrence of cutaneous changes of the actinic type (chronic radiodermatitis ) 
in are welders.t Precancerous lesions on the lower lip of are welders associated 
with and resulting from actinic dermatitis have been described.*'* Consideration 
must be given to the fact that effective exposures apparently can result from contact 
with refracted rays emerging from the lower edge of spectacle lenses and goggles, 
giving rise to cancers of the face. 

It has been stated that the active spectrum of the tumor-producing wave length 
is between 2,537 and 3,200 A.§ Recent experimental studies of Heller °** tend to 
show that cancerous effects can be elicited in the skin of white mice by rays located 
on both sides of this range, especially if the exposures are combined with the simul- 
taneous application of a photochemically active hydrocarbon, such as anthracene, 
i. e., when radiation with noncarcinogenic rays is combined with a sensitization by 
noncarcinogenic hydrocarbons. These observations, however, are not in agreement 
with those made by Rusch, Kline, and Baumann,*** who found that the combined 
application of carcinogenic hydrocarbons and ultraviolet radiation does not exert 
any additive carcinogenic effects. So far, attempts at isolating from the radiated 
skin an extractable carcinogen have failed.°** 

From the information available, it appears that excessive exposure to sunlight 
accounts for the majority of skin cancers of the exposed skin seen in whites, espe- 


cially those living in dry and sunny climates, at high altitudes, or occupationally 
exposed to a large amount of sclar rays reflected from surfaces of water (sailors 
and fishermen ). 


2. Thermic Radiation—The cancers not infrequently developing in scars and 
ulcers resulting from acute thermic trauma probably belong among the cancers 
caused by tarry substances produced by the carbonization of carbonaceous matter, 
such as tissues. This concept is supported by the fact that, so far, the so-called 
burn cancers have appeared only with third-degree burns. 
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The existence of cancers of the skin caused by prolonged exposures to thermic 


’ radiation is less well established, since in most cases cited there existed also occu- 
pational contacts with soot, such as in railroad engineers and firemen or rollers 
in steel mills.°*° Henry || cited radiant energy as a cause of cancer of the skin for 
puddlers in the heavy metal industry; glass blowers and finishers ; coopers ; wheel- 
wrights ; hat plankers, formers, and stiffeners, and others. He was, however, not 
certain as to the exact kind of radiant energy active in such cases. Mattenci °** 
contended from an analysis of 93 cases of skin cancer that basal cell cancers are 
elicited by infrared rays, while squamous cell cancers are due to ultraviolet rays. 
For this assertion, there is neither clinical nor experimental support. Both types 
of cancers are seen in man and rats after exposures to ultraviolet radiation. 

3. lonizing Radiation (Roentgen Radiation, Radiation of Radioactive Sub- 
stances).—(a) Sources of and Population Groups Exposed to Radiation: The 
recent development of atomic energy and the production of numerous radioactive 
isotopes has greatly increased and spread the interest in environmental and occu- 
pational carcinogenic hazards from exposure to various forms of ionizing radiation 
(cosmic radiation; natural and synthetic radioactive substances [alpha, beta, and 
gamma radiation] ; radiation generated by cyclotrons, synchotrons, betatrons, and 
similar accelerator devices [neutron radiation], and roentgen radiation). It has 
been suggested that cosmic radiation may exert a direct or contributory carcino- 
genic effect.{ However, there is, with the exception of some contradictory observa- 


tions on experimental animals, no valid epidemiologic evidence available which 
would support such a concept. In fact, populations living at sea level in the United 
States (Eastern Seaboard and California), and thus receiving a somewhat lower 
amount of cosmic radiation than those residing at high altitudes in the Rocky 
Mountain region have higher cancer mortality rates than the populations of the 
Rocky Mountain states. 

The number of persons coming in contact with other forms of ionizing radiation 
has markedly risen during the past 12 years. The more general use of various 


devices producing x-rays, such as x-ray apparatus employed for medical, dental, 
industrial, and commercial (cosmetic and shoe store) purposes, x-ray diffraction 
apparatus, electron microscopes, television tubes, cathode tubes, and the greatly 
increased penetrating power and energy of the radiation generated from some of 
these sources, not only brought many more persons in contact with x-rays but also 
has accentuated the chances of incidental environmental or occupational total body 
irradiation by secondary scatter rays.# 

It has been estimated that in the United States more than 125,000 x-ray units 
are being used for diagnosis (fluoroscopy, photography, and therapy), entailing a 
potential exposure to radiation of more than 215,000 medical and technical per- 
sonnel engaged in their operation,®*° exclusive of the number of patients subjected 
to radiation of varying types and intensity. Some 15,000,000 persons were given » 
chest x-rays in surveys in 1950, while many others were exposed during mass 
dental surveys.*** 

There are, in addition, approximately 2,000 industrial roentgenographic instal- 
lations operated by some 5,000 persons. These units (roentgenographic and fluoro- 
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scopic) are used for the determination of defects in castings, fabricated structures, 
pressure vessels, and welds; for the detection of foreign material in packaged 
foods and “soft” goods, and for protection against theft and sabotage. It has been 
noted that portable units and fluoroscope inspection units on conveyor belts are 
the most probable sources of radiation exposure in industry. The use of high voltage 
x-ray equipment (1,000,000 volts and above) has increased the hazards from 

: powerful scatter rays if the equipment is only partially enclosed or inadequately 
shielded. 


The use of some 10,000 fluoroscopes for shoe fitting is associated with radiation 
exposures to some 30,000 to 40,000 operators and sales persons, in addition to 
those received by an unknown number of shoe store customers.* The use of cyclo- 
trons, linear accelerators, and positive ion tubes in research laboratories has created 
additional opportunities for exposure to ionizing radiation, More than 100 particle 
accelerator units are in use.**® Similar hazards are associated with the operation 
of x-ray diffraction units.°*? Several cases of skin ulcers resulting from accidental 
overexposures in the use of these units have been reported. 

Recent investigations have established the existence of a number of stray radia- 
tion sources (television picture tubes, radar cathode ray tubes, industrial cathode-ray 
oscillographs, and electron microscopes ),f which may deliver low-level x-radiation 
to the operators of these devices. Although as yet the operating of such apparatus 
has been carried on by thousands of persons for periods of several years without 
known ill effects, this observation is no guarantee against the appearance some 
years hence of untoward reactions, especially of the hematopoietic system, from 
some of these devices whenever high intensity cathode tubes, such as television 
projection tubes and powerful “electron guns,” are used. 


The more extensive and diversified employment of radioactive substances and 
the large-scale production of artificially radioactive material for military, industrial, 
medicinal, and research purposes have furnished in recent years the main additions 
to the previously known sources of environmental, occupational, and medicinal 
radiation hazards. Potential exposure to ionizing radiation exists not only for the 


miners and millers of radioactive ores and the personnel of the atomic energy a 
plants,°"' but also for persons present at experimental nuclear detonations and c 
residents of areas in which radioactive sewage and wastes are released and where - 
radioactive dust generated by smelters and atomic explosions may settle and con- 

taminate the air, the soil, and, especially, the water supplies.§ Radioactive hazards 


exist also for the users of radioactive isotopes for medicinal purposes, for research, 
and for industrial operations, equipment, and products (luminous paint, static 
eliminators,|| spark plugs, radium-radiographic units, vacuum gauges, gas mantles, 
thickness gauges, liquid-level gauges, well logging, interface markers in oil pipe 
lines, tracers in metal products, detergents, chemicals, pharmaceuticals, electronic 
tubes, and cold sterilization of food and drugs ).{ 
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The United States has become, during the last decade, the second largest pro- 
ducer of uranium ores. This industry now employs several thousand workers in 
mining and milling operations,®°*’ apart from the considerable numbet of persons 
engaged in the operation of atomic energy installations. 

During the last war, many workers were employed in the production and appli- 
cation of radioactive luminous paints for marking instrument boards of airplanes, 
submarines, guns, and similar military equipment. After the war, a smaller number 
of workers, often not well supervised, became exposed to radioactive material while 
salvaging radioactive paint from this material.°** Moeller and co-workers **° 
remarked, in regard to the extent of radiation exposure in the United States, that 
radium and many other naturally radioactive materials may be purchased on the 
open market, that no formal application or special facilities are required in order 
to obtain these materials, and that numerous instances of radium being lost have 
been reported, all constituting danger of unsuspected radiation exposure.*** 

From an analysis of the reported data on the actual production of radiation 
injury from the various sources mentioned, it is evident that the existing radiation 
hazards are not always adequately controlled. The investigations of Harris **' on 
personnel employed in conducting mass dental surveys on children indicated that 
a possible radiation hazard may exist, especially for the operating dentists, from 
exposure to x-rays scattered from the heads of the patients. 

Radiation dermatitis, mainly affecting the hands, among radiologists and, espe- 
cially also, among physicians, is still relatively common.# It is reported that an 
average of three cases of radiodermatitis in physicians are still being seen at the 
Mayo Clinic a week.* It appears that between 26 to 28% of all cases of chronic 
radiodermatitis proceed to become cancerous.t The introduction of radioactive 
isotopes into medical practice doubtlessly has introduced additional potential radia- 
tion hazards for physicians, nurses, cleaning personnel, laboratory technicians, 
chemists, physicists, and pathologists,f in addition to creating potential hazards to 
the patients treated § and to persons having contact with radioactive hospital wastes. 

There can be little doubt that radiation injury in patients from the medical 
application of ionizing radiation is likewise still rather frequent. While such occur- 
rences are justified and unavoidable when the actinic agents are applied in the 
diagnosis and treatment of diseases which endanger life and cannot be adequately 
controlled by other medicinal means, the observation of such complications in 
patients exposed to excessive ionizing radiation for more harmless conditions 
definitely requires special justification.|| Recent investigations of Sulzberger, Baer, 
and Borota { demonstrated that the use of superficial x-ray therapy for various 
nonmalignant dermatologic conditions, when competently applied, leads to rather 
few, and usually not serious, radiation sequelae. The significance of their observa- 
tions as to the liability to late cancerous developments in the irradiated skin, how- 
ever, is somewhat weakened by the fact that there were more cutaneous cancers 
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among the members of their nonirradiated, control group than among those 
composing their test group. It can scarcely be maintained that any type of irradia- 
tion by x-rays exerts a protective action against the subsequent development of 
skin cancer. 

The commercial and industrial use of ionizing radiation also appears to be 
ill controlled. All of the various reports cited on the use of x-ray apparatus for 
the fitting of shoes stated that the customer, as well as the sales clerks, run a 
potential risk of excessive exposures. In appreciation of these hazards, the sanitary 
codes of several states ( New York and District of Columbia) have either regulated 
or prohibited their use. Various reports, cited above, have pointed out that definite 
radiation hazards have been connected with the improper handling, maintenance, 
and storage of polonium or radium-containing electrostatic eliminators, due to 
contact with gamma rays given off by radium or the inhalation of radon if the 
seal is broken ; or by the inhalation, ingestion, and absorption of polonium liberated 
through breaking or flaking of the gold seal, or, possibly, under certain circum- 
stances, of volatilized polonium." Recent surveys of the exposure conditions 
existing for industrially used radiation equipment have also brought out the fact 
that the protective measures observed, as well as the medical supervision of the 
exposed personnel, are not always adequate.# Drinker ** noted that “the use of 
X-ray equipment in the hospital of one Maritime Commission Yard forms an 
unwholesome chapter in the history of our shipyards,” while Bourne and Cordier °** 
found that only 2 of 42 plants in Ohio surveyed which use 60 roentgenographic 
and fluoroscopic units were able to produce a written report of a radiation survey. 

The control measures instituted by industrial users of x-ray equipment have 
not kept pace with our knowledge of the harmful effects of radiation, which often 
become apparent only years or decades following contact with it. Mention may 
finally be made of a statement by Moeller and co-workers **° concerning the obser- 
vation of health damage from radioactivity among over 1,100 workers employed 
in the uranium mining and milling industry of the Colorado Plateau and subjected 
to a detailed medical examination by members of the Public Health Service. Such 
observations are scarcely surprising, considering the degree of exposure to radio- 
active dust, fumes, and gases which these workers sustained, and which surpassed, 
in some instances, many times the maximum permissible level.*"' Studies of gas 
mantle manufacturing plants, using thorium containing radiothorium as an impurity, 
indicated that concentrations of thoron in air may reach 400 times the maximum 
permissible 

Untoward reactions from exposure to ionizing radiation among employees of 
atomic energy establishments have remained, according to published reports, within 
the domain of occasional accidental occurrences.* It is maintained that the potential 
risks from excessive exposures for the employees of Atomic Energy Commission 
installations and for the residents living within the waste disposal zone of such 
enterprises are kept within the permissible limits. Since, however, the safety levels 
maintained during different periods of the operation of these plants have varied, 
it may be desirable to withhold final judgment as to the total elimination of health 
hazards, especially those of delayed occurrence, from these operations for an addi- 
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tional decade or two. Because the latent period of such possible sequelae is much 
longer than the period which has elapsed since the present operations were started, 
and inasmuch as no data have been published on the state of health of large and 
competently analyzed groups of present and former long-term employees, it seems 
to be wise to discount as sources of conclusive information some of the publications 
on the nonexistence of occupational cancer hazards in these operations. 

The recognized potential and actual public health hazards associated with the 
production, handling, and disposal of radioactive material have formed the basis 
of regulatory and licensing legislation in various countries.| Dunlap § proposed, 
in view of these hazards, that “some legal restrictions might properly be established 
to limit the use of roentgen rays and radium to persons familiar with their poten- 
tialities for good and for evil.” 

The practicability of issuing comprehensive and definite regulations on such 
matters, however, is somewhat impaired by the fact that some uncertainty still 
remains as to the maximal permissible doses of x-rays and rays from the various 
naturally and artificially radioactive substances, and that this lack of definite infor- 
mation on pertinent data is even more marked in regard to the single or repeated 
individual dose of ionizing radiation which may produce cancers.**? The maximum 
permissible exposure to the whole body or gonads at present recommended by the 
International Commission of Radiological Protection is 0.3 r per week measured 
in free air or 0.5 r measured on the body surface. In the case of hands and forearms, 
they recommend 1.5 r per week. Both these doses refer to externally originating 
X-rays or gamma rays of quantum energy less than 3 mev."** As little as 0.8 r per 
day may cause skin changes, while some changes of the blood may result from 
weekly exposures of 0.1 r.|| At fluoroscopic work in hospital laboratories, exposures 
to more than 0.1 r per day per body dose are not infrequent and exposures of some 
persons may reach as high as 2 r.°** The United States Advisory Committee on 
X-Ray and Radium Protection suggested in 1931 a tolerance dose of 0.3 r per day, 
and in its revised report in 1936 it recommended 0.1 r per day. This dose was 
adopted for the operations of the atomic energy plants. Lorenz, on the basis of 
experimental data, suggested in 1946 that the permissible dose for women who 
intend to be exposed to radiations for many years should be limited to 0.02 r for 
eight hours a day. He indicated that the total accumulated exposures should not 
exceed 100 r to women and 1,000 r to men.*** Sievert,**® of the Caroline Institute, 
Stockholm, proposed in 1947 to fix the safety tolerance dose for general irradiation 
at 0.01 r per day. The Chalk River Project, in Canada, has recently set its tolerance 
level at 0.05 r per day.**’ It is obvious from these data that the level of the maximum 
permissible dose has considerably been reduced during the past decade and that 
even the presently adopted level may not be entirely safe, to judge from the hematic 
changes observed among cyclotron and atomic energy workers having an exposure 
below the adopted level. 

Cancer development has only exceptionally occurred after an external irradia- 
tion of less than 1,000 r. While the carcinogenic dose usually was delivered in 
fractionated doses, cancer, as well as leukemia, has followed a single exposure to 


+ References 572-575. 

t References 549, 576, and 577. 
§ References 578 and 579. 

|| References 584 and 585. 


494 


Az 
4 
5 


ENVIRONMENTAL CANCER 


ionizing radiation.**? Sarcoma of the bone has been observed with as little as 0.5 y 
of radium in the entire body.{ Martland, moreover, sxated that if the examination 
of expired air indicates the presence of 6.1 y of radium in the body, workers should 
be removed from the operation. Radon concentrations in air should not exceed 
10°' curie per liter at any place at any time. Experimental observations made by 
several workers (Kaplin, Lorenz) suggest that the tolerance level for very young 
persons may be even lower.**' It appears from this evidence, according to Miller,*" 
that “there is more than a suspicion that man, especially during early years of his 
life, can acquire from therapeutic and diagnostic roentgen procedures some of the 
ingredients of carcinogenesis. It must be kept in mind that neoplasia induced by 
x-rays would duplicate that occurring spontaneously, and that it would appear at 
the usual manifestation age of the naturally occurring disease. Therefore direct 
implication of x-rays in its genesis could only be accomplished by recognizing an 
over-all increase in the incidence of neoplasia in exposed individuals.” Perhaps 
the British Medical Research Council had similar considerations in mind when it 
warned against the use of radioactive isotopes in the treatment of children suffering 
from nonmalignant diseases.*** 

(b) Radiation Cancer of the Skin: Reports on the occurrence of occupational 
and medicinal radiation cancers of the skin have continued to appear. Henry # 
recorded 31 fatal cases of x-ray cancer of the skin, 17 of them affecting the upper 
limb, 1 the upper limb and the chest, 1 the chest, 1 the back, and 3 the face. Twenty- 
five of them were of occupational origin (2 x-ray apparatus makers or testers, 23 
roentographers ), while the remaining 6 were the result of diagnostic or therapeutic 
applications of x-rays. In a series of 121 cases of radiation injuries of the skin 
reported by Teloh and co-workers, there were 34 cases of carcinomas, with 55 
individual primary malignant lesions. Additional cases of cutaneous radiation car- 
cinoma involving the fingers and hands of five dentists following occupational 
exposures to x-rays were published by Mohs.*** Examples of medicinal cutaneous 
carcinomas of the skin were placed on record by other investigators (2 cases,*’* 11 
1 case,°** 20 cases,** 1 1 3 cases’). Both squamous cell 
carcinomas and basal cell carcinomas were seen, and not infrequently the lesions 
were multiple. Both histologic types occasionally occurred in the irradiated skin 
of the same patient. Several reports mentioned postirradiation cancers of the skin 
of spindle cell structure, which were interpreted either as spindle cell carcinomas *** 
or as fibrosarcomas.* 

Henshaw, Snider, and Riley “* provided experimental evidence on the develop- 
ment of carcinomas and sarcomas of the skin in rats appearing 10 months to 1 
year after exposure to P** impregnating a plastic film either in a single massive 
dose or in repeated small daily doses. 

(c) Radiation Cancer of the Bones: There have been during the last 12 years 
many additions to the number of medicinal radiation osteogenic sarcomas either 
appearing as a consequence of external x-irradiation or resulting from the deposi- 
tion of bone-seeking radioactive materials. Only one other case of occupational 
osteogenic sarcoma ending fatally was added to the eight previously observed ones 
occurring among some 800 luminous-dial painters. In their extensive analysis of 
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the late effects of internally deposited radioactive materials in man, Aub and 
co-workers °*** reported three cases of osteogenic sarcoma—two of which developed 
after the parenteral administration of radium, while a third resulted from the 
consumption of radioactive water. So far no cases of osteogenic sarcoma among 
luminous-dial painters have been reported from other countries (Germany,°” 
Great Britain “’’). More recent surveys made in American dial-painting establish- 
ments showed that there still occurs a disturbingly frequent excessive exposure 
to radioactive material,t since about 15% of the workers are said to accumulate 
more than the tolerance dose of radium. 

The majority of medicinal osteogenic sarcomas followed upon an external 
administration of roentgen rays, usually for nonmalignant conditions and involving 
various bones present in the irradiated field. Cahan and co-workers *'® reported 
a series of 11 cases of medicinal radiation sarcomas of the bones, all but 1 elicited 
by the administration of more than 3,000 r and appearing after a latent period of 
5 to 22 years (average, 11.2 years). Wolfe and Platt’ observed two cases of 
osteogenic sarcoma of the nasal bones following upon an external application of 
ionizing radiation for epidermal lesions of the skin of the nose. They noted that 
the entire European and American literature contains about 60 cases of osteogenic 
sarcoma following upon exposure to roentgen rays or radium therapy. In this total 
the cases recently recorded by Hatcher,“'? De Young,"** Tebbet and Vickery,""* 
Spitz and Higinbotham,"'® Auerbach and co-workers," and Godwin are not 
included. 

The experimental production of osteogenic sarcomas in mice and rats by the 
feeding or implantation of naturally or artificially radioactive substances (radium, 
radon, uranium, Thorotrast, plutonium, Sr*’, Ce'**, and Pr'**) was reported by 
several investigators. 


(d) Radiation Cancer of the Nasopharynx and Paranasal Sinuses: Recent 
observations indicate to an increasing degree that the inhalation of radioactive 
dusts and gases (radon),§ or the direct application of ionizing radiation (x-rays, 
radioactive substances) to the mucosa of the nasopharyngeal region may elicit 
carcinomas originating from the irradiated mucosal epithelium. There were among 
the cancers found in luminous-dial painters three cases of epidermoid carcinomas 
of the nasal sinuses.*** 

Some concern may be noted as to the possible late appearance of local radiation 
injury in the nasal, nasopharyngeal, and tonsillar region related to the rather widely 
used radiation therapy for the control of hyperplastic and chronic inflammatory 
changes of the tonsils, adenoids, and nasal mucosa, particularly in children with 
perennial colds and sore throats || or administered to airplane and submarine per- 
sonnel for alleviating obstructions of the Eustachian tube.{ This warning is voiced 
because of the following evidence: Goolden ** collected from the literature six 
cases of carcinoma of the deep structures of the neck (laryngopharynx four, larynx 
one, and thyroid one) following irradiation of the cervical region for benign lesions. 
To this group he added four cases of his own; Holinger and Rabbett **° noted three 
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similar cases of postirradiation carcinoma of the larynx and pharynx; Ogilvie“! 
recorded another one, and van Nieuwenhuyse,"™ three cases. 

Apart from the fact that there may exist certain radiation hazards to the 
physician or medical personnel (finger tips, body) handling the radium applicator 
during the treatment of nasopharyngeal conditions,“** the use of doses surpassing 
500 r should best be avoided, especially in children, so as to prevent the occurrence 
of radiation cancers in the exposed tissues some 10 to 30 years later. 

(e) Radiation Cancer of the Lung: The great rise in the mining, milling, and 
processing of uranium ores and in the production of radioactive substances has 
markedly increased the opportunities of inhalation of radioactive gases, vapors, 
and dusts and of nonradioactive dust contaminated by adsorbed radioactive particles, 
and thereby has appreciably accentuated the risks of lung cancer from such expo- 
sures.# The majority of investigators of the occurrence of lung cancer among the 
miners in Schneeberg and Joachimsthal favor the view that these neoplasms are 
the result of an occupational respiratory exposure to radioactive dust and gases.* 
Since the radioactivity of the Joachimsthal mines is stated to be 30 times the 
tolerance dose, it is scarcely surprising that in the past more than half of the miners 
died of lung cancer. Baader ** recently reported that during the four-year period 
of 1939 to 1943, 180 cases of cancer of the lung were recognized as of occupational 
origin in the Joachimsthal area, while there were only a total of 323 miners in 
1929. The factually unsupported claim that hereditary factors resulting from 
inbreeding of the miner population in Joachimsthal played a significant role in 
determining this excessive liability to lung cancer ¢ is scarcely applicable to the 
miners of Schneeberg, whose death rate from cancer of the lung has stood at about 
75% of all deaths.*** There is, moreover, no valid evidence indicating that silicosis 
found in the lungs of some of these miners dying with pulmonary cancer is of 
etiologic importance.t 

So far, similar observations have not been reported from similar mining and 
processing establishments in Canada, Congo, and Belgium, which have been in 
operation for over 20 years. Since the great majority of the mining and milling 
operations carried on in the Colorado Plateau are not older than 10 years, it is 
not likely that any appreciable number of lung cancers from these sources may 
have arisen as yet, although the exposure conditions existing in some of these 
operations are such that the occurrence of radiation cancers of the lung may be 
anticipated for the coming years, especially since polonium has been demonstrated 
in the urine of uranium ore miners of the Colorado Plateau exposed to the inhala- 
tion of considerable amounts of radon.*** 

Several attempts have been made during the last decade to produce cancers of 
the lung in experimental animals by exposing them to the inhalation of radioactive 
matter. German investigators § reported an abnormally high incidence of pulmonary 
tumors in mice exposed to the inhalation of radon, while Lisco and Finkel *** 
obtained bronchiogenic cancers in the lungs of rats to which Ce'* was administered 
as an aerosol. 
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It may be mentioned, moreover, that the occurrence of a bilateral carcinoma 
of the lung was noted in a woman 18 years after the intravenous injection of 
Thorotrast.**’ While the lung showing a primary alveolar tumor of mucus-secreting 
type was nonradioactive, radioactivity and Thorotrast could be demonstrated in 
the liver and spleen at the time of death. Although there are two additional reports 
on record in which it is claimed that Thorotrast deposits were the cause of cancers 
(endothelial cell sarcoma of the liver,* spindle cell sarcoma of the kidney °°), it 
is more likely that these two tumors formed in proximity to the Thorotrast deposits 
represent radiation cancers rather than the first-mentioned case of bilateral pul- 
monary carcinoma, because of the lack of radioactivity of the lung and the rare 
histologic type of cancer observed. The successful experimental production of 
sarcomas in rats and mice following the injection of Thorotrast,|| however, is an 
important warning against the continued diagnostic use of this chemical in medical 
practice.{] 


There is no valid reason to assume that occupational contact with commercial 
lead conveys an excessive liability to lung cancer, as proposed by Black.**° 


(f) Radiation Leukemia: During the last decade numerous observations have 
been reported which support the concept that low-level repeated exposures of the 
whole body or one single massive exposure to ionizing energy may cause or initiate 
the development of leukemia in man.# Warren,* in 1942, collected a total of 24 
cases of alleged radiation leukemia from the world literature and concluded from 
an evaluation of the evidence that doubt still exists as to the etiologic role of radia- 
tion in the development of leukemia in radiologists, but on the basis of experiments 
on animals, it appeared probable that repeated exposures to small doses of radiation 
could serve as an exciting or a precipitating cause of leukemia. Despite greatly 
extended evidence on this subject, Stone,** in 1952, still maintained that while 
leukemia and lymphoid tumors had been produced by ionizing radiation in rats 
and mice, such an effect was only probable in human beings. 


Henshaw and Hawkins ** showed that the incidence of leukemia in all physi- 
cians is almost twice as great as that in the population in general. Dublin and 
Spiegelman,"*’ in a more recent analysis, obtained about the same numerical rela- 
tion. There were 95 deaths from leukemia and aleukemia among male physicians 
at ages 25 and over, representing 0.6% of all deaths and giving a death rate per 
100,000 of 11.4, in contrast to that of 6.5 among American white males (ratio of 
leukemia death rates, physicians to white males, 1.75). An even larger series of 
leukemia cases among physicians evaluated by Peller and Pick ®* gave similar 
results. Analyzing the deaths among American physicians for the years 1947 to 
1951, they found a total of 133 cases of leukemia as a cause of death, i. e., 1.2% 
of death from all causes and 12.4% of all cancers. Thus, of all fatal cancers among 
physicians 8.5% were leukemias, as compared with 3.5% in white males. This 
excessive liability of physicians to leukemia may be due to the fact that not only 
radiologists, but also other physicians, use x-ray equipment in their practice. 
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The apparent leukemiogenic effect of long-continued total-body irradiation 
becomes more strikingly apparent in the surveys limited to radiologists and cover- 
ing periods up to 20 years.¢ These showed that the incidence of leukemia in radiolo- 
gists is over nine times as great as in nonradiological physicians. The statistical 
studies of Peller and Pick “* revealed, moreover, that dermatologists also have an 
excessive death rate from leukemia (all physicians, 12.5 per 100,000; radiologists, 
69.0 ; dermatologists, 45.0, and all white males, 9.5). It can be concluded from these 
data that leukemia may be considered a “calculated risk” of persons using ionizing 
radiation for medical purposes until improved methods of protection become avail- 
able.*** 

The existence of causal relationships between such exposures and leukemia 
received some support from the fact that one of the luminous dial painters died 
during recent years from leukemia."*? This observation confirmed a suspicion first 
voiced by Martland when studying cases of radium and mesothorium poisoning 
in luminous dial painters. The blood picture in many of his cases was within normal 
limits, while the bone marrow showed such degrees of hyperplasia and immaturity 
that “it would seem very likely that a myeloid leukemia could easily develop.” It 
may be mentioned in this connection that more recent hematic studies on luminizers 
in England revealed, during the early stages of overexposure to radium, absolute 
and progressive leucopenia, while during later years (1940 to 1947) this condition 
was conspicuously absent and was replaced by hematic deviations suggesting a 
hyperstimulative effect.t The occurrence of a stimulating effect of chronic exposure 
to radiation also is apparent from information obtained by Helde** on 1,406 
persons employed in radiological work, of whom 15 displayed leucocytoses of over 
10,000 cells and 46 revealed in their differential count a shift to the left. 

A few observations on the occurrence of leukemia in patients subjected to pro- 
longed ionizing radiation provided additional supporting evidence to the thesis 
advanced.§ It is, however, improbable that such a connection existed between the 
development of leukemia and leukemoid reactions “*' among 148 cases of poly- 
cythemia treated with radiophosphorus by Stroebel and Pease,**’ since such asso- 
ciations are not infrequently observed. || 

The more recent data on the development of radiation injuries among the 
population of Hiroshima and Nagasaki also indicate that even a single, but massive, 
exposure to ionizing radiation may favor the development of leukemia, While 
Brues *** stated in 1951 that “it may be significant to note that no reports have 
yet appeared indicating an increased incidence of human leukemia or other malig- 
nant disease in the Japanese bombed areas,’ { it has since become increasingly 
obvious that a definite increase in the incidence of leukemia among the exposed 
population groups in Japan has occurred.# The data so far available indicate that 
there was at least a tenfold increase in the incidence of leukemia among the heavily 
exposed group in Hiroshima and Nagasaki. It is, at present, uncertain whether 
the peak of this development has been reached. 
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Additional experimental evidence also has been obtained on mice and rats 
showing that an adequate exposure to ionizing radiation from various radioactive 
substances may cause, among other cancerous manifestations, leukemia.* It was 
shown, moreover, that x-rays exert an additive leukemiogenic effect when admin- 
istered simultaneously with methylcholanthrene to mice.** Because of the wide- 
spread contact of the general population with both ionizing radiation and chemical 
carcinogens, such observations are of special significance in assessing the role and 
importance of environmental factors in human carcinogenesis. 


(g) Radiation Cancer of the Breast and Uterus: The observation of x-radia- 
tion has raised the question of the existence of a causal relationship between the two 
events. Miyamoto “’ reported the occurrence of a carcinoma of the breast in a male 
roentgenologist whose skin over the affected side of the chest showed evidence of 
chronic radiodermatitis. A second case of suspected radiation cancer of the breast 
seven years following a therapeutic administration of x-rays was recorded by Lisa, 
Pack, and Gioia.“** There was marked telangiectasia of mammary skin and diffuse 
firm fibrosis of the affected breast, which contained multicentric mammary cancers. 


Claims also have been advanced regarding the causation of endometrial car- 
cinoma by radiation therapy previously administered to the pelvic region for 
nonmalignant conditions, especially excessive uterine bleeding. Corscaden and 
Gusberg,*” in following for 6.7 years 1,100 women who had received a radium 
therapeutic menopause for benign causes of bleeding, found nine cancers of the 
uterine corpus and only six of the cervix. Scheffey *”’ collected from the literature 
71 case reports of uterine cancer developing after irradiation for benign lesions 
and added 20 of his own. Similarly, Crossen and Crossen * reported four cases 
of endometrial carcinoma in 526 cases of myoma of the uterus previously treated 
by irradiation. In a series of 805 cases of endometrial carcinoma recorded by Smith 
and Bowden,’ there were 39 with previous radiation therapy to the uterus. Of 
these, however, only eight probably represented postirradiation cancers. There 
were in a series of 270 cases of cancer of the uterine corpus reviewed by Speert 
and Peightal '* at least 21 who had previous irradiation for benign conditions, 
while of 590 women with ovarian tumors (343 cancers, 247 cystadenomas) 17 had 
a history of previous pelvic irradiation for benign conditions." The incidence of 
previous pelvic irradiation among patients with cervical carcinoma, by contrast, 
was only 0.3%. Speert ™* and Peightal favor the view that irradiation played a 
significant role in the production of both endometrial and ovarian carcinomas and 
point out that there is increasing evidence supporting the causation of uterine 
sarcomas by previous pelvic irradiation, of which they found 32 cases reported in 
the literature.t In the mouse, ovarian tumorigenesis can easily be obtained by 
roentgen irradiation of the ovaries."‘' From a critical analysis of the available 
evidence, the great majority of investigators,""* however, come to the conclusion 
that there is no valid proof for the claim that previous exposures of the female sex 
organs to radiation increase their liability to cancers, with the possible exception 
of uterine sarcoma.t 
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Radiation injuries of the fetus resulting from external irradiation of the pregnant 
uterus have been observed in man and animals.§ The pregnant uterus, therefore, 
should be shielded so as to protect the embryo and fetus, even in nonpelvic irradia- 
tion. For the same reason, radioactive isotopes, such as iodine, should not be admin- 
istered to pregnant women.|| Although the occurrence of postirradiation tumors 
in children of mothers who received pelvic radiation during pregnancy has not been 
reported, it may be mentioned that Wilson, Brent, and Jordan *** observed tumors 
of the brain undergoing spontaneous regression in rat embryos exposed to x-irradia- 
tion on the ninth day of gestation. 

(Ah) Radiation Cancer of the Thyroid: The extensive use of radioactive iodine 
in the control of thyroid cancer and hyperthyroidism apparently has as yet not 
given rise to radiation cancers of this organ or adjacent tissues (trachea, larynx), 
although such sequelae may be regarded as distinct possibilities. In a study of 
thyroid cancer of childhood and adolescence, Duffy and Fitzgerald * noted that 
10 cases gave a history of previous radiation therapy for thymic enlargement. The 
significance of this observation for the causation of thyroid cancer, however, is 
uncertain.**® It has been possible, on the other hand, to produce cancers of the 
thyroid in rats,{ as well as cancers of the hypophysis and trachea in mice by the 
administration of I***."°* Doniach *** concluded recently from his experimental pro- 
duction of thyroid tumors with radioactive iodine in rats that the present dose of 
I'*' used in the treatment of exophthalmic goiter may eventually prove carcinogenic. 


(i) Radiation Reactions in Other Organs: In a study of 40 cases receiving 
radiation therapy of the mouth and oropharynx, Friedman and Hall ** observed 
the development of radiation-induced squamous cell metaplasia and hyperplasia 
of the mucous glands of the cavity, which, when pronounced, might be misinter- 
preted as a well-differentiated, infiltrating squamous cell carcinoma. 

There is no clinical, pathologic, or experimental evidence that therapeutic and 
diagnostic radiation exposures of the stomach and intestine have resulted in the 
production of malignant lesions.# Published data also indicate an absence of radia- 
tion cancers of the bladder developing on the basis of the rather frequent and severe 
radiation injuries sustained by this organ, especially in women. That such late 
sequelae may be possible is suggested by the pronounced cytologic abnormalities 
of the epithelial lining of the bladder of dogs subjected to x-irradiation.” Petrov 
and Krotkina ™* succeeded in causing cancer of the gall bladder in guinea pigs by 
implanting glass tubes with radium into the gall bladder lumens. 

The sum total of the numerous observations on occupational, medicinal, and 
environmental radiation cancers cited indicates that civilized and industrialized 
mankind has entered an artificial carcinogenic environment, in which exposures to 
ionizing radiations of various types and numerous sources will play an increasingly 
important role in the production of cancers. 


D. Inrectious AGents 
1. Schistosomiasis —Endemic schistosomiasis produced by Schistosoma haema- 
tobium infections, and prevalent among Egyptians, African Negroes, and inhab- 
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itants of the countries of the Near East,’’ has causally been related to the high 
incidence of cancer of the bladder among Egyptians (bilharzial bladder cancer). 
While this concept has been held also during recent years »y the majority of 
investigators of this subject,* Afifit objected to its acceptance because of the 
absence of proper epidemiologic evidence on incidence rate; age, sex, and race 
distribution, and occupation, and absence of demonstration of a definite carcino- 
genic agent in the bilharzial ova. The recent data supporting a relationship between 
vesical schistosomiasis and cancer of the bladder are as follows: Barsoum, accord- 
ing to Afifi,"** noted that, on the basis of his autopsy findings in Egypt, bladder 
cancers furnished 22% of all cancers and stood first on the list for cancers by sites. 
Ward ™ observed, during two years in a Cairo hospital, 130 cases of bladder 
cancer, the great majority of which were associated with schistosomiasis. Makar *™* 
found in three Cairo hospitals, among a total of 3,872 cancers affecting the tongue, 
stomach, colon, rectum, breast, uterus, and bladder, 1,696 vesical neoplasms (43% ), 
as against 3% in an Italian hospital and 11% in a Greek hospital. In addition to 
this excessive frequency of bladder cancer in association with bilharziasis in Egypt, 
this parasitic cancer occurs also in younger age groups.t The majority of bladder 
cancers in European and American populations affect persons above the age of 
50, while among 360 cases of bladder cancer observed by Makar, only 22% were 
of this age group. Behairy * stated that the usual age of his bladder cancer patients 
with schistosomiasis was between 20 and 30 years. While the Egyptian observations 
support the specific infectious origin of bladder cancers in that country, there is 
a remarkable and disconcerting lack of confirmatory evidence from other regions 
in which Schistosoma hematobium infections are endemic, and where, in part, 
the population is racially related to the Egyptians and follows the same religious 
customs (Iraq). 


Higginson "** mentioned that he found among nine cases of bladder cancer in 
South African Bantus, two complicated with schistosomiasis. Berman noted § ova 
of S. haematobium in the bladder of 24 of his cases of primary liver cancer. The 
claim that cancer of the liver might develop on the basis of a Schistosoma infection 
(S. haematobium, 5. mansoni, or S. japonicum), which is endemic in parts of 
Africa, South America, and southern Asiatic countries, has lost favor in recent 
years with most observers. Berman || did not find ova in the liver in any of his 
cases of hepatic cancer, although bilharzial cirrhosis is frequently encountered on 
postmortem examination of South African natives. Gelfand *** found that in 
Southern Rhodesia cirrhosis and cancer of the liver are as frequent in districts 
in which bilharziasis is frequent as in those in which it is rare. Hartz,"** likewise, ’ 
did not believe that schistosomiasis played a significant role in the production of 
primary liver cancer among the Chinese in the Netherland West Indies because 
of the absence of any signs of schistosomiasis in the livers of the five cases he 
studied. In a series of five cases of cirrhosis of the liver with schistosomiasis studied 
in New York, and occurring among persons coming from Central America, none 
had cancer of the liver."*° Symmers even was reluctant to ascribe the cirrhotic 
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changes to the presence of ova in‘the liver, but suggested that these lesions, rather, 
were attributable to severe dietary deficiencies. Barsoum *** observed, among 880 
autopsies, 160 cases of bilharzial cirrhosis of the liver without a single malignant 
hepatoma. From their observations among the natives of Katanga and Congo, 
de Bie and Delville *' concluded that the presence of bilharzial ova as such in the 
liver is not the cause of liver cirrhosis, and that there do not exist any causal 
relations between hepatic schistosomiasis and cancer of the liver, especially since 
this infection is frequent among the natives, while liver cancer is rather rare among 
the natives of these regions. 

Of equally controversial nature are the claims that rectal schistosomiasis, caus- 
ing hyperplastic proliferations of the mucosa, represents a significant factor in the 
development of rectal cancer. Although almost all observations on the established 
or alleged association between cancer and schistosomiasis originated from foreign, 
and mainly tropical or subtropical, countries, they have become of a certain impor- 
tance to the United States because it harbors snails which have been shown to be 
suitable hosts to the larval form of the worms, thereby providing an essential pre- 
requisite for a potential successful transmission of the infective agent to certain 
parts of this country. The increasingly frequent residence of members of the 
American population in countries in which schistosomiasis is endemic, moreover, 
has resulted in the observation of cases of schistosomiasis (S. haematobium and 
S. mansoni) in various parts of the United States. Peters, Huntress, and Porter ** 
added, in 1945, two cases of this disease to some 35 previously observed in the 
United States and Canada.*** In one case, the association of schistosomiasis and 
cancer of the rectum in a former member of the armed forces who served in the 
Pacific area during World War II has been the subject of compensation claims 
against the Federal Government. A more thorough study of such potential inter- 
relations, therefore, has become also for the United States of direct practical 
importance. 

2. Amebiasis.—Since opportunities of infection with Endamoeba histolytica were 
greatly increased for the same reasons, the recent claims or suggestions that intes- 
tinal and hepatic amebiasis is causally related to cancers of these organs are of 
similar scientific and practical significance.{ Apart from the fact that isolated poly- 
pous proliferations of the intestinal mucosa may resemble cancerous growths, 
there is at present little definite evidence supporting the existence of causal rela- 
tions between these two conditions. 

(a) Ulcerative Colitis: This conclusion, however, may not be final—not only 
because the epidemiologic evidence on this subject is highly defective, but also 
especially in view of several recent reports connecting chronic ulcerative colitis 
with an increased liability to carcinomatous developments in the polypoid forma- 
tions seen often with this condition.# It appears from these reports that the 
incidence of cancer of the colon and rectum is abnormally high in persons with pro- 
longed chronic ulcerative colitis and that the cancer attack rate rises steeply with the 
duration of the disease. Many such carcinomas appear to have a multicentric 
origin, to be of highly malignant character, and to affect persons of younger age 
than that found in general among patients with colon cancers.* 
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There is, however, no general agreement on the existence of such connections. 
Some investigators could not discover any evidence of malignant transformations 
in polypoid growths found with chronic colitis,+ while others were unable to demon- 
strate any excessive incidence of cancer of the lower intestinal tract among persons 
suffering from chronic ulcerative colitis.{| Although a final decision on this question 
must therefore be withheld until more conclusive evidence becomes availabie, a 
cocarcinogenic action of the inflammatory and hyperplastic reactions elicited by 
the factors causing chronic ulcerative colitis in conjunction with specific carcino- 
genic factors apparently not infrequently present in fecal matter may appear a 
distinct possibility. 

3. Virus Hepatitis ——During recent years, evidence has been produced indicat- 
ing that acute virus hepatitis may be followed by the development of cirrhosis of 
the liver.§ Since cirrhosis of the liver creates an established increased liability to 
cancer of this organ, it is not improbable that cirrhosis as a sequela of a virus 
infection may share such relationships. In fact, two cases of liver carcinoma follow- 
ing upon a viral hepatitis have been placed on record.’ Mention in this connection 
may be made of the speculative claim that the hepatic cancers observed among 
South African Bantus might be caused by a viral agent, because of the demon- 
stration of intracytoplasmic inclusion bodies in the hypophysis.”™! 

Additional evidence noting viral infections as precursor conditions of some 
human cancers was provided by the observation of the development of vulval 
carcinoma in Bantu women originating in condylomata acuminata (in 4 of 11 cases 
of vulval carcinoma).**? Similar findings had previously been reported concerning 
the appearance of penile carcinoma in condylomata acuminata."’’ The available 
evidence lends scant support to the hypothesis of a direct viral causation of human 
cancers. 

E. Topacco Extractives 

Friedel! and Rosenthal "* produced additional clinical evidence supporting the 
concept that chewing tobacco is an etiologic factor in the development of cancer 
of the mouth.””’ More recently published information indicates that tobacco extrac- 
tives (alkaloids) "* may be the causative agent responsible for the excessive inci- 
dence of oral cancer among the population of certain parts of India, Indochina, 
and the Philippine Islands, since the betel quid used in these regions usually 
contains tobacco as one of its ingredients ™’ and because an excessive incidence of 
oral cancer is absent among those users of betel quids who omit the tobacco (New 
Guinea, Guam).|| The present data do not favor the view that the essential car- 
cinogenic factors in the production of the betel cancer might be furnished by the 
betel leaves containing certain allyl phenols and isomeric propenyl compounds 
which dimerize under the influence of sunlight and form sti!benols."** 


F, Dietary Factors 


During the past decade, a great deal of new information has been added to the 
already existing evidence incriminating multiple or single dietary deficiencies and 
dietary additives or contaminants in the production of human cancer. 
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1. Nasopharynx and Oropharynx.—Multiple dietary deficiencies are probably 
responsible for the endemically excessive occurrence of cancer of the oropharynx 
among the inhabitants of Sweden and Finland residing within the Arctic Circle 
and living throughout the year on a diet manly consisting of reindeer meat and 
salt fish. Only during the short summer months are green vegetables available. As 
a result of this imbalanced, vitamin-deficient diet, the female members, particularly, 
develop chronic inflammatory, ulcerative, and hyperplastic reactions of the ero- 
pharynx (Plummer-Vinson syndrome). The development of cancers fron the oral 
and nasopharyngeal hyperkeratoses is not infrequently seen during the course of 
this deficiency state. Ahlbom ™ found this syndrome in 65% of 123 women with 
cancer of the mouth, pharynx, and esophagus. Martin and Koop ' likewise main- 
tained that avitaminosis B is the greatest single cause of precancerous oral changes. 
It is, moreover, likely that the excessive frequency of cancers of the nasopharynx 
found among Chinese has, as previously mentioned, not a racial but an environ- 
mental background. 


2. Liver.—There exists a good deal of circumstantial and experimental evidence 
incriminating dietary deficiencies as important causal factors in the production and 
excessive frequency of primary liver cancer among certain groups of African 
Negroes, Javanese, and Chinese (Berman {]). It appears that large parts of the 
populations of tropical and subtropical Africa and Asia suffer not only from under- 
nutrition but especially also from malnutrition. Severe nutritional disorders often 
develop in infants after the period of weaning, occasioned by the sudden change to 
the adult diet, which generally contains little protein and fat and much carbohydrates 
and roughage. The resulting state of malnutrition, called kwashiorkor, causes in 
the infants retardation of growth, susceptibility to respiratory and other infections, 
diarrhea, edema, and a unique type of dermatosis known as “crazy-pavement 
dermatosis,” or “infantile pellagra.”# Pathologic lesions include the disappearance 
of zymogen granules from the pancreatic acini and the accumulation of fat in the 
periphery of the hepatic lobules. The survivors of these serious dietary disturbances 
also during adult life usually consume a diet deficient in protein, specific amino 
acids, and vitamins, particularly vitamin A and the vitamin B complex. The diet 
of the South African Bantus, among whom liver cancer is frequent, mainly consists 
of a thick cornmeal mush (mealie meal) plus small amounts of fermented milk. 
Meat is eaten rarely."*’ Cirrhosis of the liver among these Negroes is frequent 
(found in four out of five autopsies performed on male Bantus at the Johannesburg 
General Hospital ).* It stands to reason that the cirrhosis of the liver seen in chronic 
drunkards also is the result of nutritional disturbances and not of alcohol toxicity, 
because drunkards often substitute alcohol for an adequate meal and suffer from 
dietary protein and vitamin deficiencies. 

Adequate experimental evidence, moreover, attests the fact that cirrhosis, as 
well as cancer of the liver, can be produced in rats placed on a nutritionally deficient 
diet. Its relation to cirrhosis was demonstrated by South African investigators, 


{ References 30 and 32. 
# References 793 and 794. 

* References 795-797. 

+ References 798, 799, and 804. 
t References 795, 800, and 801. 


é 
. 
4 
505 
= 


A. M. A. ARCHIVES OF PATHOLOGY 


who fed maize meal porridge (mealie pap) and sour milk to rats. In addition to 
various disturbances of growth and of the skin and teeth, the rats developed fatty 
degeneration and, finally, cirrhosis of the liver. Similar hepatic lesions were 
observed by Webster *** and Gyérgy and Goldblatt *** in ¢ats placed on a deficient 
diet (protein, fat). Experiments of several investigators, moreover, have shown 
that such cirrhotic changes can be elicited in the liver of rats and mice when they 
are placed on a choline-deficient diet § or when the intestinal utilization of dietary 
choline is interfered with by the simultaneous oral administration of bentonite.** ° 

The etiologic relationship of this dietary cirrhosis of the liver to hepatic neo- 
plasia was established by the demonstration of hepatomas in rats and mice thus 
treated.|| The hepatomagenic effects upon the livers of rats, associated with diets 
deficient in a related nutrient, methionine, of feeding a biologic antagonist, ethionine 
(alpha-amino-gamma-ethylthiobutyric acid) ** further strengthens the evidence 
that dietary hepatotoxic deficiencies, like other chemotoxic, radiotoxic, and para- 
sitotoxic agents, may elicit not only cirrhosis but also carcinoma of the liver.{/ The 
existence of such causal relations for the primary cancer occurring among African 
and Asiatic population groups is suggested by the fact that cancers of the liver are 
unusually frequent among relatively young persons, i. e., among persons who have 
reached the end of the usual latent period of environmental cancers (10 to 30 
years), which in this particular case started with infancy or childhood. These 
cancers behave, in this respect, like the scrotal cancers among English climbing 
boys of the last century or the penile cancers among noncircumcised populations 
with defective personal hygiene. 

Recent epidemiologic observations, moreover, indicate that the development of 
cancers of several other organs may causally be related or aided by prolonged 
nutritional disturbances. Thus, Marsden *** reported the unusually high frequency 
among the Malayans and Chinese in Malaya of salivary gland tumors, involving 
mainly the submaxillary gland, and not, as in Europe and America, mainly the 
parotid gland, although these tumors were uncommon among Europeans and 
Eurasians residing in Malaya. Salivary neoplasms constituted 4.5% of all neo- 
plasms seen in the Pathological Institute of Malaya. Malignant malnutrition is 
prevalent among the infants and children of the poorer classes in Malaya, and this 
state is not infrequently associated with a swelling of the salivary glands ( Malayan 
school children 20%, Chinese 10%, Indian 5%). Similar observations were made 
in 1947 in South Africa by Gillman, Gilbert, and Gillman,"** who reported that such 
enlargements are caused by cellular glandular hypertrophies, fat deposition, and 
fibrosis, and resemble similar changes seen in the liver and pancreas with starvation. 


3. Breast—During recent years data have accumulated which indicate that 
certain metabolic and excretory endocrine disturbances associated with malnutri- 
tion and undernutrition, apparently related to starvation, produced functional 
impairments and cirrhotic changes of the liver and may be involved in the develop- 
ment of epithelial hyperplasias and cancers of the breast and uterus *"’ and in the 
inhibition of hypertrophy of the prostate.# There exists, apparently, a general 


§ References 805 and 806. 
|| References 805, 809, and 810. 
{ References 812-814. 

# References 818 and 819. 
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statistical association between the incidence of cirrhosis of the liver and cancer of 
the male breast in populations (Greece, Africa) suffering from chronic states. of 
semistarvation.**’ Since cancer of the male breast has developed sometimes on the 
basis of a gynecomastia,* it is of interest to note also that gynecomastia in males 
is frequently met in malnourished population groups, such as the Greeks during 
World War I] ¢ and African Negroes,t and was observed during World War II 
among American and English prisoners kept on a highly deficient diet *** in 
Japanese prison camps.§ 

These hyperplastic reactions of the breast were in general attributed to disturb- 
ances of the liver metabolism of steroids, especially estrogens, and were accompanied 
or preceded in these and other cases of poststarvation or cirrhotic gynecomastia 
by other symptoms of hormonal imbalance, loss of libido, sexual impotence, female 
type of distribution of pubic hair, and testicular insufficiency.|| There exist a 
number of other observations attesting the relation of gynecomastia in males to 
cirrhosis of the liver { or primary cancer of the liver.*** It is still controversial 
whether these mammary reactions are related to a defective destruction or inacti- 
vation of estrogens by a functionally insufficient liver, resulting in an accumulation 
of estrogens in the organism,"** such as is seen with acute infectious hepatitis,** 
or to interfered excretion of estrogens by the cirrhotic organ,**’ or to an estrogen- 
androgen imbalance, indicated by the frequently coexisting testicular atrophy.# 

Mention may be made in this connection of observations on the apparently 
negative relation of liver function to cancer of the female breast. Tagnon and 
Trunnell **? and Evans and co-workers *** were unable to demonstrate significant 
deviations in liver function in women with operable cancer of the breast from that 
seen in normal women, while Hall and Sun *** noted from necropsy studies that it 
appears unlikely that portal cirrhosis influences the development of carcinoma of 
the breast and uterus. 


4. Uterus.—lIt is likewise uncertain whether there is a causal connection between 
cirrhosis of the liver associated with hyperestrinism and endometrial carcinoma. 
While Speert **° felt that his observations demonstrated such interrelations, Brewer 
and Foley *** found that there was no increased frequency of endometrial carcinoma 
in patients with hepatic cirrhosis. 

There exists, at present, no sound evidence by which the contradictory obser- 
vations and interpretations can wholly be resolved. It is, however, possible that the 
male organism does not handle estrogens and react upon estrogenic disturbances 
in the same way as the female one, that associated nutritional deficiencies, with 
their organic functional and anatomic sequelae, provide additional variations in 
reactivity to hormonal cellular growth stimuli, and that our criteria of and methods 
for demonstrating hormonal deviations in their relation to malignant growths are 
inadequate. 


* References 817, 821, and 822. 
+ References 820 and 827. 

t References 13, 825, and 826. 
§ References 823 and 824. 
|| References 829 and 837. 
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# References 831 and 841. 
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G. Dietary, OccurationaL, CosMetTic, AND MEDICINAL ESTROGENS 


The growing medicinal use of various natural and synthetic estrogen prepara- 
tions, their inclusion in cosmetics, and their commercial employment. in the fattening 
of fowl may aid in the elucidation of the role which endogenous or exogenous 
hyperestrinism may play in the initiation and development of cancers of various 
organs. In addition to these sometimes not inconsiderable and prolonged exposures 
of human beings to exogenous estrogens, there exists the possibility of their receiv- 
ing significant amounts of estrogens in the diet through the cumulative effect of 
small quantities of estrogens normally contained in various foodstuffs, such as 
milk, eggs, lobsters, liver, potatoes, yeast, honey, sage, some types of clover, and 
grasses.* 

Additional sources of dietary exposure to estrogens by the general population 
may be found in the implantation of estrogen pellets into the subcutaneous tissue 
of the neck of fowl for fattening and tenderizing purposes. An individual dose of 
15 mg. of diethylstilbestrol to be implanted once or twice beneath the head is 
recommended for this type of chemical caponization. Practical experience has 
shown that the farmers and poultry men do not always follow such instructions, 
and implant several pellets at a time or insert them at other sites than the neck, 
such as the breast, i. e., parts which are regularly consumed. Since biologic activity 
remains in these pellets for a period of up to six weeks, it is advised not to market 
chemically caponized fowl before the elapse of this time.*** That such practices may 
lead to an ingestion by unsuspecting members of the general population of not 
inconsiderable amounts of estrogenic material is obvious. 

Additional uncontrolled or ill-controlled environmental exposures to estrogens 
are related to the use of estrogen-containing cosmetic and dermatologic preparations, 
such as creams, ointments, and lotions, for topical application to the skin or the 
breast,+ which has resulted when prolonged in some cases in swelling of the breast 
and endometrial glandular hyperplasia. Similar observations as to gynecomastia 
have been reported in male estrogen manufacturers, who may absorb these chemicals 
by skin or respiratory contact.t Such findings have been made among employees of 
English, as well as American, pharmaceutical companies. In addition to glandular 
hyperplasia of the breast tissue, there has been, in at least one of the American 
cases, the development of bilateral fibroadenomas, necessitating the amputation of 
both breasts. 

Upon such uncontrolled exposures from multiple environmental sources, a 
medicinal administration of estrogens for the treatment of menopausal symptoms, 
endometriosis, and hypogenitalism may be superimposed at times. It is known that 
an excessive or prolonged administration of estrogens to postmenopausal women 
may produce uterine bleeding and endometrial hyperplasia.§ Although it is known 
that there occurs a gradual transition from such hyperplastic changes into definitely 
malignant ones *** in the development of endometrial carcinoma, the number of 
such cancers allegedly attributable to an excessive estrogen therapy so far pub- 
lished is stated to number about nine.|| The cancers usually appeared 5 to 17 years 


* References 840 and 847. 

+ References 848-853. 

t References 854-858. 

§ References 859-862. 

|| References 864-867, 873, and 876. 
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after the start of therapy. This appears to be an adequate latent period, considering 
that the duration of endometrial carcinoma in situ has been estimated to be six 
to seven years.**® In commenting on such claims, many gynecologists seem to feel 
that, in view of the widespread use of estrogchs for many years’ in medical practice, 
the apparent absence of endometrial carcinomatous sequelae in large series of 
women thus treated, and the use of doses in women much lower than those which 
have produced cancers of various organs in experimental animals, there is little 
indication that under ordinary therapeutic conditions estrogen therapy carries a 
distinct cancer hazard for the average patient. However, a note of warning is 
voiced by others, since there is, in their opinion, the possibility that such untoward 
reactions might ensue in some genetically predisposed persons or in persons previ- 
ously exposed to appreciable amounts of exogenous or endogenous estrogens.# 

The probable existence of causal interrelations between hyperestrinism and 
endometrial carcinoma is strongly suggested by the fact that estrogen-producing 
ovarian tumors are as a rule associated with endometrial hyperplasia, endometrial 
polyps, or carcinoma (carcinoma of uterine corpus in 18 to 20% of granulosa cell 
tumors).* In contrast, endometrial cancer is practically nonexistent in surgical cas- 
trates, but not in radiation castrates.t It is apparent from these observations that 
hyperestrinism, irrespective of its endogenous or exogenous origin, when prolonged 
and highly excessive, may either predispose to or cause endometrial cancer. 

In analogy to the repeatedly and definitely demonstrated carcinogenic effect 
exerted by estrogens on the development of mammary cancer in certain selectively 
inbred strains of mice, claims have been advanced as to a similar action of estrogens 
in the causation of breast cancer in women.{ However, the evidence relating to 
such allegations is controversial. Only a few cases of breast cancer in women have 


been reported in which, presumably, the tumors developed after prolonged medi- 
cation with these chemicals.§ In view of the relatively high “normal” incidence of 
breast cancer in women, such observations, moreover, are bound to have only 
restricted value in demonstrating such relations because of the unavoidable factor 
of coincidence. 


Of distinctly greater significance, on the other hand, is the growing number of 
unilateral and, often, bilateral carcinomas of the breast which developed in males 
given large amounts of estrogens for the control of cancer of the prostate. There 
is at present on record a total of 17 such cases of breast carcinoma in males, vari- 
ously diagnosed as primary breast tumors or as metastatic growths of the prostate 
cancer.|| Doubtless, additional cases of breast cancer of this origin have remained 
unreported. While an estrogenic causation of such mammary cancers was accepted 
by Bauer,’* and considered as highly suggestive by Hertz,"* as possible under 
special conditions by Butenandt,*’* others believe that the tumors are secondary 
deposits of the prostatic cancers which localized in an estrogenically hyperplastic 


f References 860, 868, 877, and 878. 

# References 861, 863, 869-874, 876, and 877. 

* References 840, 873, and 879-891. 

+ References 861 and 889. 

t References 840 and 892. 

§ References 893-895. 

|| References 896-912, Van Winkle, W., Jr.: Personal communication to McClure and 
Higgins.9°* 
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breast.{ The occasional occurrence of simultaneously developing primary cancers 
in the breast and prostate *** or the rare formation of a mammary metastasis of a 
prostate cancer **’ which did not receive estrogen medication, justifies some degree 
of reservation in concluding that estrogens have been shown to induce mammary 
carcinoma in the human male.*** Twombly,°* moreover, showed that the carcino- 
matous tissue of the breast in one of these cases showed histochemically a high acid 
phosphatase content, similar to that of the prostatic cancer, Zondek ** advanced 
the fallacious argument that a carcinegenic action of estrogens is precluded by the 
fact that these chemicals have been used for the treatment of cancers of the breast 
and prostate. He completely disregards the well-established fact that a considerable 
number of our presently or formerly used anticarcinogenic agents (ionizing radia- 
tion, arsenicals, benzene, some of the mustards) display considerable carcinogenic 
properties. 

In favor of an estrogenic origin of these breast cancers in males, it may be 
argued that their occurrence was noted only after the introduction of the estrogen 
therapy of prostate cancers, that about 25% of them show a bilateral character, 
that gynecomastia usually preceded their development, and that mammary metas- 
tases of prostate cancers are apparently very rare, since this site is not even men- 
tioned in the comprehensive monograph on metastases by Walther.*”° 

Considering the fact that even in experimental animals (mice, rats) breast 
cancers can be elicited by prolonged estrogen treatment only in especially suscep- 
tible strains,# it may be possible that such reactions in the human also occur only 
in constitutionally predisposed persons. Because of our inability to predetermine 
such persons and to ascertain their proportion in the general population, as well 
as in the patient population, it seems to be highly desirable to restrict prolonged 
and severe environmental, eccupational, and medicinal exposures to estrogens to 
conditions in which such exposures are justified and which permit adequate control 
of the exposed persons. 

These considerations are appropriate also because it is uncertain whether or 
not estrogens may elicit in man cancers at other sites (bladder, kidney, leukemia) 
similar to those caused by these chemicals in mice and rats.* 


7 References 899, 902, 904, and 911. 
# References 921-923. 
* References 840 and 924-927. 
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REFERENCES 
. Mazel, P.; Picard, D., and Bourret, J.: Arch. mal. profess. 6:18, 1945. 
. Dinberg, M. C.: Canad. M. A. J. 52:176, 1945. 
. Bousser, J.; Albahary, C., and Tara, S.: Arch. mal. profess. 13:20, 1952. 
. Bowers, V. H.: Brit. J. Indust. Med. 4:87, 1947. 
. Raynaud, R.; Imbert, C., and d’Eshougues, J. R.: Sang 18:418, 1947. 
283. Greenburg, L.; Mayers, M. R.; Goldwater, L., and Smith, A. R.: J. Indust. Hyg. & 
Toxicol. 21: 393, 1939. 
284. Gall, E. A.: Arch. Path, 25:315, 1938. 
285. Erf, L. A., and Rhoads, C. P.: J. Indust. Hyg. & Toxicol. 21:421, 1939. 
286. Hunter, F. T.: J. Indust Hyg. & Toxicol. 21:331, 1939. 
287. Selling, L., and Osgood, E. E., in Downey, H.: Handbook of Hematology, New York, 
Paul B. Hoeber, Inc., 1938, Vol. 4, p. 2963. 
288. Bowditch, M., and Elkins, H. B.: J. Indust. Hyg. & Toxicol. 21:321, 1939. 


510 


. 
4 
: 
‘ 


ENVIRONMENTAL CANCER 


. Andersen, D. H.: Am. J. Path. 10:101, 1934. 

. Hamilton-Paterson, J. L.: Lancet 1:73, 1941. 

. Preventable Cancer, Editorial, New England J. Med. 286:451, 1947. 

. Rawson, R.; Parker, F., Jr., and Jackson, H., Jr.: Science 93:541, 1941. ‘ 
. Bousser, J.; Neyde, R., and Fabre, A.: Bull et mém. Soc. méd. hép. Paris 683: 1000, 1947. 
. Liaume, P.: Contributions a 1’étiologie professionelle des lymphosarcomes, Thesis, Lyon, 


. Rachner, H.: Deutsche med. Wehnschr. 70:219, 1944. 
. Galavotti, B., and Troisi, F. M.: Brit. J. Indust. Med. 7:79, 1950. 
. Hamilton, A.: Industrial Toxicology, New York, Harper & Brothers, 1934, p. 163. 
. Browning, E.: Toxicity of Industrial Organic Solvents, London, Her Majesty's Sta- 
tionery Office, 1952, p. 39. 
. de Rosnay, D.: Societé médicale du travail de Bordeaux, 1950. 
. Mallory, F. B.; Gall, E. A., and Brinkley, W.: J. Indust. Hyg. & Toxicol, 21:355, 1939. 
. Loeper, M.; Fabre, R., and Borreau: Progr. méd. Paris 74:581, 1946. 
. Sacca, J. D.: New York J. Med. 48:1619, 1948. 
3. Vigliani, E. C., and Saita, G.: Med. lavoro 39:41, 1948. 
. Penati, F., and Vigliani, E. D.: Rass. med. indust. 9:345, 1938. 
. Sabrazes, J., and Bideau, J.: Gaz. méd. Bordeaux, May, 1938. 
. Weil, P. E.: Paris méd, 89:112, 1933. 
. Delore, P., and Borgomano: J. méd. Lyon 9:227, 1928. 
. Bousser, J., and Tara, S.: Arch. mal. profess. 12:399, 1951. 
. van Schoonhoven van Beurden, A. J. R. E.: Nederl. tijdschr. geneesk. 93:2584, 1949. 
. Perrin, M.; Kissel, P., and Pierquin, L.: Paris méd. 1:533, 1938. 
. Thompson, W. P.; Richter, M. N., and Edsall, K. S.: Am. J. M. Se. 187:77, 1934. 
. van Ravensteyn, A. H.: Nederl. tijdschr. geneesk. 18:10, 1941. 
3. Tareev, FE. M., and Nikulenko: Vracebnoe delo 16:15, 1933. 
. Falconer, E. H.: Am. J. M. Sc. 186:353, 1933. 
. Rolland, R.: Union méd. Canada 67:262, 1938. 
. Scott, T. S.: Brit. J. Indust. Med. 9:127, 1952. 
. Crabbe, J. G. S.: Brit. M. J. 2:1072, 1952. 
. Case, R. A. M.: 27th Annual Report British Empire Cancer Campaign, 1949, p. 53. 
. Goldblatt, M. W.: Brit. J. Indust. Med. 6:65, 1949. 
320. Annual Report of the Chief Inspector of Factories for the Year 1947, London, His 
Majesty’s Stationery Office, 1948, pp. 12 and 76. 
321. Macalpine, J. B.: Brit. J. Surg. 35:137, 1947. 
322. Goldblatt, M. W.: Brit. M. Bull. 4:405, 1947. 
323. Goldblatt, M. W., and Wagstaff, V. A. J.: Aspects of Industrial Medicine on German 
Chemical Factories, B. I. O. S. Final Report No. 1501, Item No. 24, 1948, pp. 9, 72, and 36. 
324, Case, R. A. M.; McDonald, D. B., and Pearson, J.: British Empire Cancer Campaign, 
2%h Annual Report, p. 32, 1951. 
. Gehrmann, G. H.: Lancet 2:506, 1948. 
. Hueper, W. C.: Arch. Path, 25:856, 1938. 
. Hueper, W. C.; Wiley, F. H., and Wolfe, H. D.: J. Indust. Hyg. & Toxicol. 20:46, 


. Miller, A.: Helvet. chir. acta 18:1, 1951. 
. Miller, A.: Schweiz. med. Wchnschr. 79:445, 1949. 
. Suter, F.: Schweiz. med. Wehnschr. 76:1340, 1946. 
. Allermann, R.: Schweiz. med. Wchnschr. 76:1009, 1946. 
. Barsotti, M., and Vigliani, E. C.: Proceedings of the Ninth International Congress on 
Industrial Medicine, London, 1948, Baltimore, Williams & Wilkins Company, 1949, p, 484. 
333. Barsotti, M., and Vigliani, E. C.: Arch. Indust. Hyg. 5:234, 1952. 
334. Vaggi, L.: Lavoro umano 7:111, 1949. 
335. Bellesini, C.: Proceedings of the Ninth International Congress on Industrial Medicine, 
London, 1948, Baltimore, Williams & Wilkins Company, 1949, p. 505. 
336. diMaio, G.: Proceedings of the Ninth International Congress on Industrial Medicine, 
London, 1948, Baltimore, Williams & Wilkins Company, 1949, p. 476. 


511 


289 
290 
291 
292 
294 
1951. 
1938 
‘ 


A. M. A. ARCHIVES OF PATHOLOGY 


337. Barsotti, M., and Vigliani, E. C.: Med. lavoro 40:139, 1949. 
338. Papilloma of the Bladder in the Chemical Industry, Association of British Chemical 
Manufacturers, London, p. 18, 1953. 


339, Billiard-Duchesne, J. L.: Arch. mal. profess. 9:109, 1948. 

340. Billiard-Duchesne, J. L.: J. urol. 58:401, 1946-1947. 

341. Aboulker, P.; Gaultier, M., and Benguigui, M.: Arch. mal. profess. 10:370, 1949. 

342. Billiard-Duchesne, J. L.: Proceedings of the Ninth International Congress on Industrial 
Medicine, London, 1948, Baltimore, Williams & Wilkins Company, 1949, p. 507. 

343. Desoille, H.; Hochfeld, M., and Aboulker, P.: Arch. mal. profess. 9:149, 1948. 

344. Temkin, I. S.: Sovet. med. 2:17, 1948. 

345. Nagayo, M., and Kinosita, R.: Yale J. Biol. & Med. 12:301, 1940. 

346. Chute, R.: New England J. Med. 289:791, 1948. 

347. Hamilton, A., and Hardy, H. L.: Industrial Toxicology, New York, Paul B. Hoeber, 
Inc., 1949, p. 450. 

348. Bonser, G. M.: J. Path. & Bact. 55:1, 1943. 

349. Bonser, G. M.: Brit. M. J. 4:379, 1947. 

350. Anonymous, Rubber Age 84:428, 1944. 

351. Bauer, K. H.: Arch. klin. Chir. 264:21, 1950. 

362. Maguigan, W. H.: Acta Unio internat. cancr., Bruxelles 6:1359, 1950. 

353. Hackmann, C.: Ztschr. Krebsforsch. 58:56, 1951. 

354. Patellani, E.; Fuortes, C., and Guzzardella, C.: Tumori 37:492, 1951. 

355. Spitz, S.; Maguigan, W. H., and Dobriner, K.: Cancer 3:789, 1950. 
. Bonser, G. M.; Clayson, D. B.; Jull, J. W., and Pyrah, L. N.: Brit. J. Cancer 6:412, 


. Bonser, G. M., and Jull, J. W.: British Empire Cancer Campaign, 29th Annual Report, 
p. 146, 1951. 

358. Bonser, G. M.; Clayson, D. B., and Jull, J. W.: Lancet 2:286, 1951. 

359. Baker, K.: Acta Unio internat. cancr., Bruxelles 7:46, 1950. 

360. Baker, K., and Deighton, J. G.: Cancer Res, 18:529, 1953. 

361. Baker, K., and Deighton, J. G.: Cancer Res. 13:137, 1953. 

362. Passey, R. D.: British Empire Cancer Campaign, 29th Annual Report, 1951, p. 146, 1951. 

363. Hueper, W. C.: Proceedings Second National Cancer Conference, 1952, Vol. 1, p. 361. 

364. Mellors, R. C., and Hlinka, J.: Cancer 5:242, 1952. 

365. Carcinogenic Aromatic Amines, Editorial, Lancet 1:32, 1953. 

366. Walpole, A. L.; Williams, M. H. C., and Roberts, D. C.: Brit. J. Indust. Med. 9:255, 
1952. 

367 Druckrey, H.: Arch. exper. Path. u. Pharmakol. 210:137, 1950. 

368. Wilson, R. H.; DeEds, F., and Cox, A. J.: Cancer Res. 7:453, 1947. 

369. Bielschowsky, F.: Brit. J. Exper. Path. 25:1, 1944. 

370. Calvery, H. O.: Am. J. Pharm. 114:324, 1942. 

371. Coal Tar Color Regulations, Service and Regulatory Announcements, Food, Drug and 
Cosmetics No. 3, Food and Drug Administration, September, 1940. 

372. Deutscher Forschungsrat, Fachkommission zur Bearbeitung des Lebensmittelfarbstoff- 
problems, Resolution, 1950. 

373. Deutsche Forschungsgemeinschaft, wissenschaftliche Kommission zur Bearbeitung des 
Lebensmittelfarbstoffproblems: Mitteilung 2, 1952, Mitteilung 3: Liste der Pigmente und Farb- 
stoffe fiir Kosmetika, 1952. 

374. Druckrey, H., and Hamperl, H.: Klin. Wehnschr. 28:289, 1950. 

375. Zaribnicky, F.: Krebsarzt 4:288, 1949. 

376. Zaribnicky, F.: Krebsarzt $:253, 1950. 

377. Money, R. W.: Brit. J. Nutrition 1:253, 1947. 

378. Redgrave, H. S.: Nature 145:672, 1940. 

379. Wagner, K. H.: Internat. Rev. Vitamin Res. 22:289, 1950. 

380. New and Nonofficial Remedies: Evans Blue, Council on Pharmacy and Chemistry, J. A. 
M. A. 150:1486, 1952. 


512 


‘ 
3 
1952 


ENVIRONMENTAL CANCER 


381. Hosford, G. N., and Smith, J. G.: J. A. M. A. 150:1482, 1952. 
382. Holoubek, J. E.; Hendrick, J. V., and Hollie, W. J.: J. A. M. A. 189:214, 1949. 
383. Rhoads, C. P.: Sloan-Kettering Institute for Cancer Research, Biennial Report, 1951- 
1953, p. 35. 
. Yoshida, T.; Shimauchi, T., and Kin, C.: Gann 35:272, 1941. 
. Satani, Y.; Tanimura, T.; Mishimura, I., and Isikawa, Y.: Gann 38:275, 1941. 
. Schiller, W.: Am. J. Cancer 31:486, 1937. 
. Harris, P. N.: Cancer Res. 7:35, 1947. 
. Nelson, A. A.: Fed. Proc. 12:397, 1953. 
. Willheim, R., and Ivy, A. C.: Gastroenterology 23:1, 1953. 
. Umeda, M.: Gann 43:120, 1952. 
. Gillman, J.; Gillman, T., and Gilbert, C.: South African J. M. Se. 14:21, 1949. 
. Simpson, C. L.: Brit. J. Exper. Path. 38:524, 1952. 
3. Gillman, J.; Gilbert, C., and Gillman, T.: South African J. M. Sc. 13:47, 1948. 
. Haerem, A. T.: Cancer Res. 9:630, 1949. 
. Haerem, A. T.: Proc. Soc. Exper. Biol. & Med. 68:330, 1948. 
. Hansen, P. B., and Bichel, I.: Acta radiol. 37:258, 1952. 
. Boschi, E., and Gaspari, A.: Minerva med. 43:422, 1952. 
. Exposure to Azobenzene Vapor and Tobacco Smoke, Queries and Minor Notes, J. A. 
. A. 148:689, 1952. 
399. Lamb, J. H., and Lain, E. S.: J. Invest. Dermat. 17:141, 1951. 
400. Crug, J. Z.: Philippine M. A. J. 24:1, 1948. 
401. Peller, S.: Cancer in Man, New York, International Universities Press, Inc., 1952, p. 77. 
402. Zeitlhofer, J.: Krebsarzt 6:154, 1951. 
403. Hartwell, J. L.: Survey of Compounds Which Have Been Tested for Carcinogenic 
Activity, Ed. 2, National Cancer Institute, 1951. 
404. Kirby, A. H., and Peacock, P. R.: Glasgew M. J. 30:364, 1949. 
405. Kinosita, R.: Yale J. Biol. & Med. 12:287, 1940. 
406. Nelson, A. A., and Woodard, G.: J. Nat. Cancer Inst. 18:1497, 1953. 
407. Barger, G. M., and Lewis, G. E.: Brit. J. Cancer 6:270, 1952. 
408. McDonald, J. C.; Miller, E. C.; Miller, J. A., and Rusch, H. P.: Cancer Res. 12:50, 1952. 
409. Druckrey, H., and Hamper!l, H.: Klin. Wehnschr. 28:289, 1950. 
410. Druckrey, H.: Arch. klin Chir. 264:45, 1950. 
411. Henry, S. A.: Brit. M. Bull. 4:976, 1947. 
412. Henry, S. A.: Cancer of the Scrotum in Relation to Occupation, London, Oxford 
University Press, 1946, p. 120. 
413. Henry, S. A.: Ann. Roy. Coll. Surgeons England 7:425, 1950. 
414. Barnett, G. P.: Annual Report of the Chief Inspector of Factories for the Year 1951, 
London, His Majesty's Stationery Office, p. 148. 
415. Annual Report of the Chief Inspector of Factories for the Year 1948, London, His 
Majesty's Stationery Office, p. 88. 
416. Annual Report of the Chief Inspector of Factories for the Year 1944, London, His 
Majesty’s Stationery Office, p. 54. 
417. Henry, S. A.: Am. J. Cancer 31:28, 1937. 
418. Jenkins, W. D.: Dermatoses Among Gas and Tar Workers, Bristol, John Wright & 
Sons, Ltd., 1948, p. 54. 
419. Fisher, R. E. W.: A. M. A. Arch. Indust. Hyg. 7:12, 1953. 
420. Ross, P.: Proceedings of the Ninth International Congress on Industrial Medicine, 
London, 1948, Baltimore, Williams & Wilkins Company, 1949, p. 388. 
421. Ross, P.: Brit. M. J. 1:369, 1948. 
. Hieger, I.; Henry, S. A., and Winternitz, J. G.: Brit. J. Radiol. 20:145, 1947. 
. Hieger, I.: Nature 161:385, 1948. 
. Bamber, G.: Practitioner 164:385, 1950. 
. Irwin, J. O., and Goodman, N.: J. Hyg. 44:362, 1946. 
. Berenblum, I., and Schoental, M.: J. Chem. Soc. 1017, 1946. 
. Berenblum, I., and Schoental, M.: Brit. J. Cancer 1:157, 1947. 


ag 
‘ 
‘ 
= 


A. M. A. ARCHIVES OF PATHOLOGY 


. Grosfeldt, J. C. M.: Nederl. tijdschr. geneesk. 94:2804, 1950. 
. Hodgson, G.: Brit. J. Dermat. & Syph. 60:282, 1948. 
. Berenblum, I.: Brit. M. J. 2:601, 1948. 
. Kawahata, K.: Gann 20:341, 1936. 
32. Kawahata, K.: Gann $2:367, 1938. 
. Doll, R.: Brit. J. Indust. Med. 9:180, 1952. 
. Cruickshank, W. H.: Report on Lung Cancer Incidence in an Industry, Division Indus- 
trial Hygiene, Ontario, Canada, 1942. 
435. Menz, M.: Schweiz. med. Wchnschr. 77:895, 1947. 
436. Uytdenhof, A.: Documentation sur les cancers prefessionnels, 1948. 
437. Goldblatt, M. W., and Wagstaff, V. A. J.: Aspects of Industrial Medicine and Hygiene 
in German Chemical Factories, B. I. O. S. Final Report No. 1501, Item No. 24, 1948. 
438. Pellerat, J., and Coudert, J.: Lyon méd. 179:442, 1948. 
439. Schwartz, L., and Tulipan, L.: A Textbook of Occupational Diseases of the Skin, Phila- 
delphia, Lea & Febiger, 1939, pp. 45, 170, and 515. 
440. Downing, J. G.: J. A. M. A. 148:245, 1952. 
441. Editorial, [linois Lab. Bull. 2:16, 1941. 
442. Hueper, W. C.: A. M. A. Arch. Indust. Hyg. 8:307, 1953. 
443. Wood-Burning Fireplaces, Queries and Minor Notes, J. A. M. A. 147:706, 1951. 
444. Cancer Research, Foreign Letters, J. A. M. A. 119:1037, 1942. 
445. Sulman, E., and Sulman, F.: Cancer Res. 6:366, 1946. 
446. Ministry of Labour and National Service, Mule Spinners’ Cancer and Automatic Wiping- 
Down Motion, London, His Majesty's Stationery Office, 1945. 
447. Twort, J. M.: Lancet 2:215, 1946. 
448. Henry, S. A.: Brit. J. Radiol. 20:145, 1947. 
449. Brockbank, E. M.: Clin. J. 71:180, 1942. 
450. Brockbank, E. M.: Brit. M. J. 1:622, 1941. 
451. Keatings, G. F., and Potter, N. M.: Brit. J. Indust. Med. 6:31, 1949. 
452. Berenblum, I., and Schonetal, R.: Brit. J. Exper. Path. 24:232, 1943. 
453. Berenblum, I., and Schoental, R.: Brit. J. Exper. Path. 25:95, 1944. 
454. Sunderland, D. A.; Smith, W. E., and Sugiura, K.: Cancer 4:1232, 1951. 
455. Brandt, R., and Dexter, H.: J. Invest. Dermat. 15:163, 1950. 
456. Brockbank, E. M.: Mulespinners’ Cancer, London, H. K. Lewis & Co., Ltd. 1941. 
457. Zeglio, P.: Rass. med. indust. 19:268, 1950. 
458. Praver, L. L.: Proceedings of the 11th All-Ohio Safety Control, 1940, p. 127. 
459. Exposure to Cutting Oils, Queries and Minor Notes, J. A. M. A. 140:1311, 1949. 
460. Shapiro, H.: Month. Rev., New York State Dept. of Labor 20:5, 1950. 
461. Schwartz, L.; Tulipan, L., and Peck, S. M.: Occupational Diseases of the Skin, Ed. 2, 
Philadelphia, Lea & Febiger, 1947, p. 235. 
462. Woodhouse, D. L.: British Empire Cancer Campaign, 29th Annual Report, p. 170, 1951. 
463. Peller, S.: Cancer in Man, New York, International Universities Press, 1952, p. 337. 
464. Gafafer, W. M.; Frasier, E. S., and Sitgreaves, R.: Pub. Health Rep. 63:901, 1948. 
465. Hansen, H., and Thayer, W. B.: Med. Indust. 13:205, 1953. 
466. Cruickshank, C. N. D., and Squire, J. R.: Brit. J. Indust. Med. 7:1, 1950. 
467. Auld, S. J. M.: J. Inst. Petrol. 36:235, 1950. 
468. Schock, E. O.: Monatsschr. Krebsbek. 11:31, 1943. 
469. Touraine, A., and Bour, H.: Rev. méd. frang. 20:285, 1939. 
470. Huguenin, R.; Fauvet, J., and Mazabraud, M.: Arch. mal. profess. 11:48, 1950. 
471. Wood, E. W.: Radiology 40:193, 1943. 
472. Sante, L. R.: Am. J. Roentgenol. 62:788, 1949. 
473. Smith, W. E.; Sunderland, D. A., and Sugiura, K.: A. M. A. Arch. Indust. Hyg. 4:299, 
1951, 
474. Sunderland, D. A.; Smith, W. E., and Sugiura, K.: Cancer 4:1232, 1951. 
475. Page, R. C., and others: A. M. A. Arch. Indust. Hyg. 4:297, 1951. 
476. Smith, W. E.: Cancer Res. 11:281, 1951. 


514 


‘ 


ENVIRONMENTAL CANCER 


477. 


Dietz, W. A.; King, W. H.; Priestley, W., and Rehner, J., Jr.: Indust. & Eng. Chem. 


44:1818, 1952. 


478. 
479, 
480. 
481. 


Hieger, I.: British Empire Cancer Campaign, 29th Annual Report, 1951, p. 33. 
Woodhouse, D. L., and Irwin, J. O.: J. Hyg. 47:121, 1950. 

Hieger, I., and Woodhouse, D. L.: Brit. J. Cancer 6:293, 1952. 

Lushbaugh, C. C., and Hackett, A.: J. Nat. Cancer Inst. 9:159, 1948. 


. Coppock, J. B. M., and Bradshaw, R. C. A.: Brit. M. J. 2:401, 1948. 
. Editorial, Brit. M. J. 2:1141, 1948. 
. Daniel, J. W.; Frazer, A. C.; French, J. M., and Sammons, H. G.: Biochem. J. 54:37, 


. Byrne, J. J.: J. A. M. A. 125:405, 1944. 
486. Moore, B.: Brit. J. Indust. Med. 3:250, 1946. 
. Bell, R. C.: Brit. J. Plast. Surg. $:138, 1952. 
. Falk, H. L., and Steiner, P. E.: Cancer Res. 12:40, 1952. 
. von Haam, E.; Titus, H. L.; Shinowara, G. Y., and Caplan, I. T.: Fed. Proc. 11:432, 1952. 


. Rehner, J., Jr.: J. Am. Chem. Soc. 62:2243, 1940. 

. Ingalls, T. H.: Arch. Indust. Hyg. 1:662, 1950. 

. Weil, C. S.; Smyth, H. F., and Nale, T. W.: A. M. A. Arch. Indust. Hyg. $:535, 1952. 
. McDowell, A. J.: Pub. Health Rep. 57:125, 1942. 

. Phillips, C.: South. M. J. 35:583, 1942. 

. Phillips, C.: Texas J. Med. 49:219, 1953. 


. Martin, C. L.: Kentucky M. J. 46:128, 1948. 
- Martin, C. L., and Wright, C.: J. A. M. A. 184:861, 1947. 
. Tice, G. M., and White, C. M.: J. Kansas M. Soc. 49:324, 1948. 


. Cooper, Z. K.: S. Clin. North America 24:1022, 1944. 


. Mountin, J. W.; Dorn, H. F., and Boone, B. R.: Pub. Health Rep. 54:1255, 1939. 


. Hall, A. F.: Arch. Dermat. & Syph. 61:589, 1950. 
. Rein, C. R., and Weidman, A. I.: Ca—A Bulletin of Cancer Progress 3:73, 1953. 


- Blum, H. F.: J. Nat. Cancer Inst. 9:247, 1948. 


. Blum, H. F.: Cancer Res. §:592, 1945. 


. Blum, H. F.: J. Nat. Cancer Inst. 1:397, 1940. 


. Peller, S.: Cancer in Man, New York, International Universities Press, 1952, p. 325. 
. Piers, F.: Brit. J. Dermat. & Syph. 60:319, 1948. 


. Piers, F.: East African M. J, 26:36, 1949. 


. Hueper, W. C.: Cancer Res. §:331, 1945. 
510. 
$11. 
512. 


Hueper, W. C.: Cancer Res. 1:402, 1941. 
Hueper, W. C.: Cancer Res. 2:551, 1942. 
Sappington, C. O.: Medicolegal Phases of Occupational Diseases, Chicago, Industrial 


Health Book Company, 1939, p. 196. 


513. 
514. 
515. 
516. 
517. 
518. 
519. 
520. 
521. 
522. 
523. 
524. 
525. 
526. 
527. 
528. 
529. 


Van Someren, E., and Rollason, E. C.: Tr. Institute of Welding, June, 1948. 
Van Someres, E., and Rollason, E. C.: Am. Indust. Hyg. Quart. 9:71, 1948. 
Erythema from Welding, Queries and Minor Notes, J. A. M. A. 121:162, 1943. 
Vernon, S.: J. A. M. A. 140:1333, 1949. 

Electric Arc Welding, Queries and Minor Notes, J. A. M. A. 152:1083, 1953. 
Corson, E. F.; Knoll, G. M., and others: Arch. Dermat. & Syph. 50:435, 1949. 
Rusch, H. P.; Kline, B. E., and Baumann, C. A.: Arch. Path. $31:135, 1941. 
Blum, H. F.: Physiol. Rev. 25:483, 1945. 

Coblentz, W. W.: J. A. M. A. 136:1040, 1948. 

Heller, W.: Strahlentherapie 81:387, 529, 1950. 

Rusch, H. P.; Kline, B. E., and Baumann, C. A.: Cancer Res. 2:183, 1942. 
Mohs, F. E.: Cancer Res. 8:371, 1948. 

Warniek, H.: Arch. Gewerbepath. 10:486, 1941. 

Mattenci, G.: Riforma med., p. 1385, 1934. 

Figge, F. H. I.: Ann. Int. Med. 27:143, 1947. 

Figge, F. H. I.: Science 10§:323, 1947. 

Williams, C. R.: J. Indust. Hyg. & Toxicol. 30:294, 1948. 


i 
482 
2 483 
484 
1953. 
490 
491 
492 
493 
494 
495 
496 
497 
498 
501 
502 
506 
507 a 
508 
: 
‘ 
« 
515 


A. M. A. ARCHIVES OF PATHOLOGY 


. Moeller, D. W.; Terrill, J. G., and Ingraham, S. C.: Pub. Health Rep. 68:57, 1953. 
. Harris, S.: Month. Rev., New York State Dept. of Labor 31:17, 1952. 
. Hultberg, S.; Larsson, L. E., and Eklung, L.: Acta radiol. 38:376, 1950. 


. Zavon, M. R.: Occup. Health 13:66, 1953. 

. Watrous, R. M.; Hodges, H. W., and McAndrew, M. j.: J. A. M. A. 152:513, 1953. 

. Shoe-Fitting Fluoroscopes, Editorial, Internat. M. Digest 55:309, 1949. 

. Hempelmann, L. H.: New England J. Med. 241:335, 1949. 

. Editorial, Pediatrics 11:189, 1953. 

. van Allen, W. W.: Pub. Health Rep. 66:375, 1951. 

. Editorial, Am. Coll, Radiol. Month. News Letter 6: 1950. 

. Mayers, M. R.; Harris, S., and Paul, G.: Month. Rev., New York State Dept. of Labor 
952. 

. Harris, S. J., and Paul, G. W.: Month. Rev., New York State Dept. of Labor 32:25, 


. Shoe-Fitting Fluoroscopes, Editorial, J. A. M. A. 139:1004, 1949. 


3. Watson, J. H. L., and Preuss, L. E.: Science 112:407, 1950. 


. Irradiation from Television Receivers, Queries and Minor Notes, J. A. M. A. 148:1459, 


. Silverman, L. B.; Elliott, S. B., and Greenfield, M. A.: Science 110:376, 1949. 

. Larks, S. D.: Am. Indust. Hyg. A. Quart. 12:4, 1951. 

. Watrous, R. M.; Hodges, H. W., and McAndrew, M. J.: J. A. M. A. 182:513, 1953. 

. Eisenbud, M., and Harley, J. H.: Science 117:141, 1953. 

. Bill to Protect Workers in Radioactive Substances, Foreign Letters, J. A. M. A. 137: 


805, 1948. 


. Wirth, J. E.: Occup. Med. 2:428, 1946. 
. Straub, C. P.: Pub. Health Bull. 67:298, 1952. 


52. van Beneden, G.: Bull. centre Bélge et Et. Doc. Eaux, No. 8, p. 477, 1950. 
53. Berman, I. L., and Ernest, E. P.: Indust. Med. 19:229, 1950. 


. Silson, J. E.: Month. Rev., New York State Dept. of Labor 29:41, 1950. 
. Silson, J. E.: Am. J. Pub. Health 40:943, 1950. ; 
. Paul, G. W., and Harris, S. J.: Month. Rev., New York State Dept. of Labor 32:17, 


. Bryan, F. A., and Silverman, L. B.: U. S. Navy M. News Letter 14:22, 1949. 

. Bryan, F. A., Atomic Energy Project AT-04-1-Gen-12, UCLA, 1949. 

. Sullivan, R. R.: Health Bull. Oregon 29: ??, 1951. 

. Proctor, B. E., and Goldblith, S. A.: A Critical Review of the Literature Pertaining to 


the Application of Ionizing Radiations to the Food and Pharmaceutical Field, Technical Report 


No. 1, 


561. 


Massachusetts Institute of Technology, 1953, p. 119. 

Morgan, K. Z.: Nat. Safety News 53:25, 1946. 

. Medical Research Council, Brit. M. J. 2:569, 1948. 

. Taft, R. B.: Radium Lost and Found, Charleston, S. C., John J. Furlong & Son, Inc., 


. Mason, M. L.: Am. Surgeon 17:1121, 1951. 
. Teloh, H. A.; Mason, M. L., and Wheelock, M. C.: Surg., Gynec. & Obst. 90:335, 1950. 


. Uhlmann, E.: Radiology 38:445, 1942. 
. Braasch, N. K., and Nickson, M. J.: Radiology 51:719, 1948. 


. Drinker, P.: Occup. Med. 3:335, 1947. 
. Bourne, H. C., and Cordier, E. J.: Indust. Med. 24:21, 1952. 


. Leddy, FE. T., and Rigos, F. J.: Am. J. Roentgenol. 45:696, 1941. 
. Doyle, H. N.: Occup. Health 13:37, 1953. 
. Brucer, M.: J. A. M. A. 147:1745, 1951. 


3. Moshman, J., and Holland, A. H.: Cancer 2:567, 1949. 


. Love, R. A.: U. S. Atomic Energy Commission Project AECU-1620, 1951. 
. Patton, H. S., and Millar, R. G.: J. A. M. A. 143:554, 1950. 

. Sievert, R. M.: Brit. J. Radiol. 20:306, 1947. 

. Epstein, E.: J. A. M. A. 147:1751, 1951. 


= 530 
533 
534 

536 
537 
538 
53 
540 
31:33, 
541 
1953. 
- 
545 
547 

548 
550 

5 

554 

556 
1953. 

557 

558 

559 
1938. 

4 
570 

574 

575 

577 

516 


ENVIRONMENTAL CANCER 


578. Editorial, J. A. M. A. 131:1214, 1946. 
579. Sulzberger, M. B.: A. M. A. Arch. Dermat. & Syph. 65:639, 1952. 
580. Hempelmann, L. H.; Lisco, H., and Hoffman, J. G.: Ann. Int. Med. 36:279, 1952. 
581. Hills, T. H., and Standford, R. W.: Brit. Heart J. 12:45, 1950. 
582. Aub, J. C.; Evans, R. D.; Hempelmann, L. H., and Martland, H. S.: Medicine 31: 
221, 1952. 
583. Stone, R. S.: Radiology $8:639, 1952. 
584. Ingram, M.; Adams, M.; Coonan, L.; Jespersen, J.; Nielsen, G.; Piatt, D., and Yette- 
wich, G.: Science 116:706, 1952. 
585. Ingram, M., and Barnes, S. W.: Science 113:32, 1951. 
586. Cowie, D. B., and Scheele, L. A.: J. Nat. Cancer Inst. 1:397, 1941. 
587. Robbins, L. L.; Aub, J. C.; Cope, O.; Cogan, D. G.; Langohr, J. L.; Cloud, R. W., 
and Merrill, O. E.: Radiology 46:1, 1946. 
588. Morgan, K. Z.: J. Indust. Hyg. & Toxicol. 30:286, 1948. 
589. Sievert, R. M.: Brit. J. Radiol. 20:306, 1947. 
590. Martland, H. S.: Radium Poisoning, in Cecil, R. L.: Textbook of Medicine, Phila- 
delphia, W. B. Saunders Company, 1947, p. 582, Ed. 7. 
591. Miller, R. W.: University of Rochester, Atomic Energy Project W-7401-eng-49. UR-191 
Health and B ology, 1950. 
592. Finerty, J. C.; Binhammer, R. T.; Schneider, M., and Cunningham, A. W. B.: J. Nat. 
Cancer Inst. 14:149, 1953. 
593. Mohs, F. E.: J. Am. Dent. A. 45:160, 1952. 
594. Godwin, J. T.: Internat. Rec. Med. & Gen. Pract. Clin. 165:355, 1952. 
595. Anderson, N. P., and Anderson, H. E.: A. M. A. Arch, Dermat. & Syph. 63:586, 1951. 
596. Scharnagel, I. M., and Pack, G. T.: Am. J. Dis. Child. 77:647, 1949. 
597. Schafer, J. C.; Braestrup, C. B., and Fisher, J. K.: Arch. Dermat. & Syph. 59: 
472, 1949. 
598. Cannon, B. A.: Bull. New York Acad. Med. 23:163, 1947. 
599. Diethelm, L.: Strahlentherapie 85:594, 1951. 
600. Walter, J.: Brit. M. J. 1:273, 1950. 
601. Sims, C. F., and Kirsch, N.: Arch. Dermat. & Syph. 57:63, 1948, 
602. Jayes, P. H., and Dale, R. H.: Brit. J. Plast. Surg. 4:147, 1951. 
603. von Moos, F.: Schweiz. med. Wehnschr. 82:179, 1952. 
604. Stewart, C. B., and Pendergast, W. J.: J. M. A. Georgia 40:24, 1951. 
605. Henshaw, P. S.; Snider, R. S., and Riley, E. F.: Radiology 52:401, 1949. 
606. Rossing, P.: Arch. Gewerbepath. 11:395, 1942. 
607. Jones, J. C., and Day, M. J.: Brit. J. Radiol. 18:126, 1945. 
. Evans, R. D.: J. Indust. Hyg. & Toxicol. 26:253, 1943. 
. Tabershaw, I. R.: J. Indust. Hyg. & Toxicol. 28:212, 1946. 
. Cahan, W.; Woodard, H. A.; Higinbotham, N. L.; Stewart, F. W., and Coley, B. C.: 
1:3, 1948. 
. Wolfe, J. J., and Platt, W. R.: Cancer 2:438, 1949. 
. Hatcher, C. H.: J. Bone & Joint Surg. 27:179, 1945. 
. De Young, C. C.: Am. Surgeon 18:816, 1952. 
. Tebbet, R. D., and Vickery, R. D.: Am. J. Ophth. 38:811, 1952. 
. Spitz, S., and Higinbotham, N. L.: Cancer 4:1107, 1951. 
616. Auerbach, O.; Friedman, M.; Weiss, L., and Amory, H. IL.: Cancer 4:1095, 1951. 
617. Dunlap, C. E.; Aub, J. C.; Evans, R. D., and Harris, R. S.: Am. J. Path. 20:1, 1944. 
618. Franseen, C. C.; Aub, J. C., and Simpson, C. L.: Cancer Res. 1:393, 1941, 
619. Brues, A. M.; Lisco, H., and Finkel, M.: U. S. Atomic Energy Commission MDDC- 
145, 1946. 
620. Hueper, W. C.; Zuefle, J. H.; Link, A. M., and Johnson, M. G.: J. Nat. Cancer Inst. 
13:291, 1952. 
621. Lisco, H., and Kisieleski, W. E.: Am. J. Path. 29:305, 1953. 
622. Brues, A. M.; Sacher, G. A.; Finkel, M. P., and Lisco, H.: Cancer Res. 9:545, 1949. 
623. Koletsky, S.; Bonte. F. J., and Friedell, H. L.: Cancer Res, 10:129, 1950. 


517 


a 
“ 
i 


A. M. A. ARCHIVES OF PATHOLOGY 


624. Evans, R. D.: J. Indust. Hyg. & Toxicol. 25:253, 1943. 
625. Rossitto, A. F.: Radiology 48:118, 1947. 

626. X-Ray Therapy of Tonsils, Queries and Minor Notes, J. A. M. A. 147:708, 1951. 

627. Waters, ©. A., and Kaplan, I. L., in Year Book of Radiology, edited by F. J. Hodges, 
Chicago, Year Book Publishers, Inc., 1949, p. 377. 

628. Willmon, T. L.: J. A. M. A. 147:1028, 1951. 

629. Goolden, A. W.: Brit. M. J. 2:1110, 1951. 

630. Holinger, P. H., and Rabbett, W. F.: Laryngoscope 68:105, 1953. 

631. Ogilvie, C. M.: Brit. M. J. 2:1464, 1951. ‘ 

632. van Nieuwenhuyse, J. B.: Ann. oto-laryng. 69:230, 1952. 

633. Rubin, H. J.; Kully, B. M., and Finkle, R. D.: Ann. Otol. Rhin. & Laryng. 59:90, 
1950. 

634. Lisco, H.: Proceedings of the Ninth International Congress Industrial Medicine, 1948, 
Bristol, London, John Wright & Sons, Ltd., 1949.’ 

635. Atmospheric Carcinogens, Editorial, Lancet 2:30, 1952. 

636. Peller, S.: Human Biol. 11:130, 1939. 

637. Ingram, M.: Science 111:103, 1950. 

638. Baader, E. W.: Verhandl. deutsch. Gesellsch. inn. Med. §7:322, 1951. 

659. Groskopff, K. W.; Bolck, F., and Buell, H. J.: Fortschr. Geb. Rontgenstrahlen. 75:34, 

640. Vesin, M. S.: Arch. mal. profess. 9:280, 1948. 

641. Sikl, H.: Acta Unio internat. cancr., Bruxelles 6:1366, 1950. 

642. Lorenz, E.: J. Nat. Cancer Inst. 5:1, 1944. 

643. Hueper, W. C.: Proceedings of the Seventh Saranac Symposium on Pneumoconiosis, 
1952, to be published. 

644. Kahlau, G.: Klin. Wehnschr. 27:551, 1949. 

645. Kahlau, G., Verhandl. deutsch. Gesellsch. Path. 32:379, 1950. 

646. Rajewsky, B.; Schraub, A., and Kahlau, G.: Naturwissenschaften 31:170, 1943. 
. Abrahamson, L.; O'Connor, M. H., and Abrahamson, M. L.: Irish J. M. Sc. 204:229, 


. Lisco, H., and Finkel, M. P.: Fed. Proc. 8:360, 1949. 
649. MacMahon, H. E.; Murphy, A. S., and Bates, M. I.: Am. J. Path. 283:585, 1947. 

650. Zollinger, H. U.: Schweiz. med. Wcehnschr. 79: 1266, 1949. 

651. Selbie, F. R.: Brit. J. Exper. Path. 19:100, 1938. 

652. Selbie, F. R.: Lancet 2:847, 1936. 

653. Bauer, K. H.: Chirurgie 19:387, 1948. 

654. Prezyna, A. P.; Ayres, W. W., and Mulry, W. C.: Radiology 60:573, 1953. 

655. Amory, H. L, and Bunch, R. F.: Radiology 51:831, 1948. 

656. Rosenblat, O., and Blixen, J.: Dia méd. 23:2328, 1951. 

657. Wachsmuth, W.: Chirurgie 19:390, 1948. 

658. Albertini, A. V.: Schweiz. med. Wchnschr. 78:287, 1948. 

. Groskopff, K. W.; Bolck, F., and Bill, H. J.: Fortschr. Geb. Réntgenstrahlen. 75:34, 


. Black, C. E.: Arch. Path. 38:366, 1943. 

661. Sultzer, M., and Hursh, J. B.: Atomic Energy Project, W-7401-eng.-49, UR-266, New » 
York, University of Rochester, 1953. 

662. Stewart, E.: Month. Lab. Rev. 28:20, 1929. 

663. Warren, S.: Arch. Path. 34:443, 562, 749, 917, 1942. 

664. Warren, S.: Arch. Path. 38:121, 304, 1943. 

665. Stone, R. S.: Radiology $8:639, 1952. 

666. Henshaw, P.; Hawkins, J. W.; Meyer, H. L.; Woodruff, J., and Marshall, J. F.: J. 
Nat. Cancer Inst. 4:339, 1944. 
667. Dublin, L. L., and Spiegelman, M.: J. A. M. A. 184:1211, 1947. 
668. Peller, S., and Pick, P.: Am. J. M. Sc. 224:154, 1952. 
669. March, H. C.: Radiology 48:275, 1944. 
670. March, H. C.: J. A. M. A. 188:179, 1947. 
671 March, H. C.: Am. J. M. Sc. 220:282, 1950. 


518 


1951. 
| 
10 
i 


ENVIRONMENTAL CANCER 


. Ulrich, H.: New England J. Med. 2834:45, 1946. 

. Dublin, L. I.; Spiegelman, M., and Leland, R. G.: Postgrad. Med. 2:189, 1947. 

. Editorial, Stanford M. Bull. 10:215, 1952. 

. Browning, E.: Brit. M. J. 1:428, 1949. 

. Annual Report of the Chief Inspector of Factories for the Year 1947, London, His 
Majesty's Stationery Office, p. 83. 


677. 


Annual Report of the Chief Inspector of Factories for the Year 1948, London, His 


Majesty's Stationery Office, p. 94. 


678. 
679. 
. Stroebel, C. F., and Pease, G. L.: J. A. M. A. 146:1301, 1951. 
. Editorial, Brit. M. J. 2:778, 1947. 


Helde, M.: Acta radiol. 27:308, 1946. 
Ravault, P.; Roche, L., and Confavreux, J.: Lyon méd. 170:21, 1948. 


McWhirter, R.: Brit. M. J. 2:783, 1947. 


. Forkner, C. E.: Leukemia and Allied Disorders, The Macmillan Company, 1938. 
. Sturgis, C. C.: Hematology, Springfield, I11., Charles C Thomas, Publisher, 1948, p. 712. 
. Brues, A. M.: Advances Biol. & Med. Phys. 2:176, 1951. 


Warren, S.: Mil. Surgeon 102:98, 1948. 


. Howland, J. W., and Warren, S. L.: Advances Biol. & Med. Phys. 1:387, 1948. 


Warren, S.: Cancer Res. 6:449, 1946. 
Lawrence, J. S.: Proceedings of the Second National Cancer Conference, 1952, to be 


published. 


23 


1 
J 


692. 
693. 
948. 

694. 
695. 
696. 
697. 
698. 
699. 
700. 
701. 
702. 
703. 
704. 
705. 
706. 
707. 
708. 
709. 
710 

711 


Folley, J. H.; Borges, W., and Yamawaki, T.: Am. J. M. Sc. 13:311, 1952. 


. Black-Schaffer, B.; Kambe, S.; Matsuoka, S.; Waranabe, Z., and Wedemeyer, W. J.: 


Path. 28:548, 1952. 
Henshaw, P. S.; Riley, E. F., and Stapleton, G. E.: Radiology 49:349, 1947. 
Henshaw, P. S.; Riley, E. F., and Stapleton, G. E.: J. Indust. Hyg. & Toxicol. 30: 102, 


Henshaw, P. S.: Radiology 43:279, 1944. 

Brues, A. M.; Lisco, H., and Finkel, M.: Atomic Energy Commission MDDS-145, 1946. 
Mixer, H. W. A., and Kirschbaum, A.: Radiology 50:476, 1948. 

Miyamoto, C.: Gann 40:176, 1949. 

Lisa, J. R.; Pack, G. T., and Gioia, J. D.: Am. J. Roentgenol. 68:452, 1952. 
Corscaden, J. A., and Gusberg, S. B.: Am. J. Obst. & Gynec. 53:419, 1947. 
Scheffey, L. C.: J. Obst. & Gynec. 44:925, 1942. 

Crossen, R. J., and Crossen, H. S.: J. A. M. A. 1883:593, 1947. 

Smith, F. R., and Bowden, L.: Am. J. Roentgenol. 59:796, 1948. 

Finn, W. F.: Am. J. Obst. & Gynec. 60:1254, 1950. 

Speert, H.: Cancer 5:478, 1952. 

Hertig, A. T., and Sommers, S. C.: Cancer 2:946, 1949. 

Finn, W. F.: Am. J. Obst. & Gynec. 60:1254, 1950. 

Gosch, J.: Ztschr. Geburtsh. u. Gynak. 131:213, 1949. 

Hill, R. P., and Miller, F. N.: Cancer 4:803, 1951. 

Koch, F.: Ztschr. Geburtsh. u. Gynak. 181:195, 1949. 


. MacFarland, K. T.: Am. J. Obst. & Gynec. 59:1304 and 1316, 1950. 
. McKay, D. G.; Robinson, D., and Hertig, A. T.: Am. J. Obst. & Gynec. 58:625, 1949. 


. Mussey, E.; Dockerty, M. B., and Masson, J. C.: Proc. Staff Meet., Mayo Clin. 28:63, 1948. 
. Perry, T., Jr.: New Engiand J. Med. 238:793, 1948. 

. Smiley, L., and Tandatwich, J. W.: New York J. Med. 51:1504, 1951. 

. Thornton, W. N., Jr., and Carter, J. P.: Am. J. Obst. & Gynec. 62:294, 1951. 

. Walter, R. J., and Mintz, N., Strahlentherapie 23:639, 1926. 

. Furth, J., and Boon, M. C.: Cancer Res. 7:241, 1947. 

. Waterman, G. W.; Raphael, S. I., and Moskosky, W.: Am. J. Obst. & Gynec. 64: 1073, 


. Russell, L. B., and Russell, W. L.: Radiology 58:369, 1952. 
. Murphy, D. P.: Congenital Malformations, Ed. 2, Philadelphia, J. B. Lippincott Com- 
pany, 1947. 


519 


’ t 
. 
1 
, ‘ 
712 
71: 
71 a 
715 
716 
717 
71 ¥ 
1952. 
= 


520 


721 


A. M. A. ARCHIVES OF PATHOLOGY 


. Chapman, E. M.; Corner, G. W., Jr.; Robinson, D., and Evans, R. D.: J. Clin. 


Endocrinol. 8:717, 1948. 


722. Radioactive Iodine Administered During Pregnancy, Queries and Minor Notes, J. A. 


M. A. 181:964, 1952. 
723. 


Wilson, J. G.; Brent, R. L., and Jordan, H. C.: Radiology 60:161, 1953. 


724. Duffy, B. J., Jr., and Fitzgerald, P. J.: Cancer 3:1018, 1950. 


725 


. Horn, R. C., and Ravdin, 1. S.: J. Clin. Endocrinol. 11:1166, 1951. 


726. Goldberg, R. C., and Chaikoff, I. L.: A. M. A. Arch. Path. §3:22, 1952. 
727. Doniach, I.: Brit. J. Cancer 4:223, 1950. 


728. 


Gorbman, A.: Proc. Soc. Exper. Biol. & Med. 71:237, 1949. 


729. Friedman, M., and Hall, J. W.: Radiology 55:848, 1950. 
730. Warren, S., and Friedman, N. B.: Arch. Path. 34:749, 1942. 


731 


. Hueper, W. C., and Carvajal de Forero, J.: Am. J. Roentgenol. §2:529, 1944. 


732. Frank, R. C., and Pohle, E. A.: Ann. Surg. 133:104, 1951. 


733 
734 
735 


. Hueper, W. C.: J. Urol. 47:156, 1942. 
. Petrov, N. N., and Krotkina, N. A.: Ann. Surg. 125:241, 1947. 
. Doniach, L.: Brit. J. Cancer 7:181, 1953 


736. Behairy, G. E. D.: J. Roy. Egyptian M. A. 35:559, 1952. 
737. Abu-Zikry, A.: J. Roy. Egyptian M. A. 35:289, 1952. 


738. 


739 


740. 


741 


742. 


743 


p. 244, 


744 
745 


Makar, N.: Acta Unio internat. cancr. 8:323, 1952. 

. Makar, N.: Urol. & Cut. Rev. 52:481, 1948, 

Makar, N.: J. Roy. Egyptian M. A. 31:217, 1948. 

. Ward, R. O.: Proc. Roy. Soc. Med. 39:27, 1945. 

Ibrahim, H.: Ann. Roy. Coll. Surgeons England 2:129, 1948. 

. Barsoum, H.: Proceedings of the Fifth International Congress on Cancer Research, 
1950. 

. Afifi, M. A.: Cancer Res. 7:537, 1947, 

. Afifi, M. A.: Bilharzial Cancer, London, H. K. Lewis & Co., Ltd., 1948. 


746. Davies, E. R., and Stewart, I. S.: Brit. M. J. 2:1114, 1950. 
747. Higginson, J.: Cancer 4:1224, 1951. 

748. Hartz, P. H.: Arch. Path. 39:1, 1945. 

749. Symmers, D.: J. A. M. A. 147:304, 1951. 

750. Gelfand, M.: J. Trop. Med. & Hyg. $8:112, 1948. 


751. 


de Bie, P., and Delville, J. P.: Ann. Soc. bélge méd. trop. 30:1423, 1950. 


752. Peters, C. N.; Huntress, R. L., and Porter, J. E.: J. Urol. $4:301, 1945. 


753. 
754. 


Blum, B. B., and Lilga, H. V.: J. A. M. A. 228:125, 1943. 
Barsoum, H.: Sémaine de I'Egypte pour la lutte contre le cancer, 1938, p. 215. 


755. Marion, D. F.; Rand, H., and Hull, J. G.: Gastroenterology 17:581, 1951. 


756 


757. 
758. 


. Cancer and Intestinal Parasites, Queries and Minor Notes, J. A. M. A. 152:1678, 1953. 
Chiaray, M., and Dupuy, R.: Semaine hép. Paris 27:2824, 1951. 
Moutier, M. F.: Gaz. méd. France 57:791, 1950. 


759. Lynn, D. H.: Surg., Gynec. & Obst. 81:269, 1945. 


760. 


Johnson, T. M., and Orr, T. G.: Am. J. Digest. Dis. 15:21, 1948. 


761. Sauer, W. G., and Bargen, J. A.: Proc. Staff Meet. Mayo Clin. 19:311, 1944. 
762. Sauer, W. G., and Bargen, J. A.: J. A. M. A. 141:982, 1949. 


763. 
1952. 


Shands, W. C.; Dockerty, M. B., and Bargen, J. A.: Surg., Gynec. & Obst. 95:302, 


764. Gleckler, W. J., and Brown, C. H.: Gastroenterology 14:455, 1950. 
765. Lyons, A. S., and Garlock, J. H.: Gastroenterology 18:170, 1951. 


767. 

768 

769. 

770. 

771. 
Report, p. 128, 1951. 

772. Swinton, N. W., and Warren, S.: J. A. M. A. 113:1927, 1939. 


Otani, S., and Snapper, I.: J. M. Sinai Hosp. 19:275, 1952. 


. Kiefer, E. D.; Eytinge, E. J., and Johnson, A. C.: Gastroenterology 19:51, 1951. 


Counsell, P. B., and Dukes, C. E.: Brit. J. Surg. 39:485, 1952. 
Russell, H.: J. Path. & Bact. 59:484, 1947. 
Dukes, C. E., and Counsell, -P. B.: British Empire Cancer Campaign, 29th Annual 


8 

| 


1945. 


ENVIRONMENTAL CANCER 


. Helwig, E. B.: Surg., Gynec. & Obst. 84:36, 1947. 

. Bockus, H. L.: Gastroenterology, Philadelphia, W. B. Saunders Company, 1943. 

. Felsen, J., and Wolarski, W.: Arch. Int. Med. 84:293, 1949. 

. Warren, S., and Sommers, S.C.: J. A. M. A. 154:189, 1954. 

. Wang, E.: Nord. med, 32:2634, 1946. 

. Klatskin, G., and Rappaport, E. M.: Ann. Int. Med. 26:13, 1947. 

. Baggenstoss, A. H., and Stauffer, M. H.: Proc. Staff Meet., Mayo Clin. 28:320, 1953. 

. Walshe, J. M., and Wolff, H. H.: Lancet 2:1007, 1952. 

. Fischer, W. O.: South African M. J. 24:869, 1950. 

. Loewenstein, L.: M. Clin. North America 23:789, 1939. 

3. Charlewood, G. P.: South African M. J. 27:149, 1953. 

. Friedell, H. L., and Rosenthal, L. M.: J. A. M. A. 126:2130, 1941. 

. Gerry, R. G., and Calton, M. L.: Oral Surg., Oral Med. & Oral Path. 5:762, 1952. 

. Eisen, M. J.: Cancer Res. 4:318, 1944. 

. Khanolkar, V. R.: Cancer Res. 4:313, 1944. 

. Scheental, R.: British Empire Cancer Campaign, 30th Annual Report, p. 255, 1952. 

. Woelfel, E. W.: Cancer Res, 1:748, 1941. 

. Moore, G. E.; Bissinger, L. L., and Preehl, E. C.: J. Am. Geriatrics Soc. 1:497, 1953. 

. Ahlbom, H. E.: Brit. M. J. 2:331, 1936. 

2. Martin, H., and Koop, C. E.: Am. J. Surg. 57:195, 1942. 

. Trowell, H. C., and Davies, J. N. P.: Brit. M. J. 2:796, 1952. 

. Trowell, H. C.; Davies, J. N. P., and Dean, R. F. A.: Brit. M. J. 2:798, 1952. 

5. Gilbert, C., and Gillman, J.: Science 99: 398, 1944. 

. Berman, C.: South African J. M. Se. 5:54, 1940. 

. Gillman, J.: Brit. M. J. 2:149, 1944. 

. Fagin, I. D., and Thompson, F. M.: Ann. Int. Med. 21:285, 1944. 

. Hueper, W. C., in Massey, F. C.: Clinical Cardiology, Baltimore, Williams & Wilkins 

Company, 1953, p. 545. 
800. 
801. 


802. 
803. 
804. 
805. 
806. 
807. 


. Wilson, J. W.: J. Nat. Cancer Inst. 14:57, 1953. 
. Wilson, J. W.: J. Nat. Cancer Inst. 14:65, 1953. 
. Wilson, J. W.: Cancer Res. 11:290, 1951. 

. Popper, H.; de la Huerga, J., and Yesinick, C.: Science 118:80, 1953. 

. Baumann, C. A.: J. Am. Dietet. A. 24:573, 1948. 

. An Expedition in Search of Cause of Cancer, Editorial, Lancet 2:720, 1951. 

. Straub, M., and Schaberg, A.: Docum. neerl. et indones. morbis trop. 2:238, 1950. 
. Marsden, A. T. H.: Brit. J. Cancer 5:376, 1951. 

. Gillman, J.; Gilbert, O., and Gillman, T.: South African J. M. Sc. 13:99, 1947. 

. Davies, J. N. P.: Brit. M. J. 2:676, 1949. 

. Stumpf, H. H., and Wilens, S. L.: A. M. A. Arch. Int. Med. 91:304, 1953. 

. Johns, V. J., Jr., and Hirst, A., Jr.: California Med. 73:503, 1950. 

. Symeonidis, A.: J. Nat. Cancer Inst. 11:656, 1950. 

. Gilbert, J. B.: Surg., Gynec. & Obst. 57:451, 1933. 

. Botsztejn, C., and Schinz, R.: Oncologia 1:110, 1948. 

3. Klatskin, G.; Salter, W. T., and Humm, F. D.: Am. J. M. Sc. 218:19, 1947. 

. Jacobs, E. C.: J. Clin. Endocrinol. 8:227, 1948. 

. Davies, J. N. P.: Lancet 2:474, 1948. 


Gillman, J., and Gillman, T.: Arch. Path. 40:239, 1945. 
Gillman, J.; Gillman, T.; Mandelstam, J., and Gilbert, O.: Brit. J. Exper. Path. 26:67, 


Webster, G. T.: J. Clin, Invest. 21:385, 1942. 

Gyérgy, P., and Goldblatt, H.: Proc. Soc. Exper. Biol. & Med. 46:492, 1941. 
Hartroft, W. S., and Ridout, J. H.: Am. J. Path. 27:951, 1951. 

Copeland, D. H., and Salmon, W. D.: Am. J. Path. 22:1059, 1946. 

Erickson, C. C., and Goebbel, W.: Fed. Proc. 8:354, 1949. 

Engel, R. W.; Copeland, D. H., and Salmon, W. D.: Ann. New York Acad. Sc. 49:49, 


53 
1947. 
86 
806 x 
al 
81 
4 81, 
81 
81 
81 
81 
82 : 
82 
82 
82! 
82 
521 


A. M. A. ARCHIVES OF PATHOLOGY 


826. Davies, J. N. P.: Brit. M. J. 2:676, 1949. 

827. Polymenakos, L. G.: Lancet 1:1021, 1952. 

828. Smith, D. A., and Woodruff, M. F.: Deficiency Diseases in Japanese Prison Camps, 
Medical Research Council, Special Repo:t Series, no. 274, London, His Majesty's Stationery 
Office, 1951, p. 209. : 

829. Olmer, J.; Gascard, E., and Cros, C.: Sémaine hép. Paris 27:2591, 1951. 

830. Bernstein, M. H.: South. M. J. 44:1111, 1948. 

831. Coodley, E. L., and Molle, W. E.: Am. J. M. Sc. 218:531, 1949. 

832. Kark, R. M.; Morey, G. R., and Paynter, C. R.: Am. J. M. Sc. 222:1168, 1951. 

833. Lloyd, C. W., and Williams, R. H.: Am. J. M. Sc. 224:315, 1948. 

834. Glass, S. J.; Edmondson, H. A., and Soll, S. N.: Endocrinology 27:749, 1940. 

835. Edmondson, H. A.; Glass, S. J., and Soll, S. N.: Proc. Soc. Exper. Biol. & Med. 42:97, 
1939. 

836. Hibbs, R. E.: Am. J. M. Sc. 213:176, 1947. 

837. Platt, S. S.; Schulz, R. Z.; Kunstadter, R. H., and Bulk, A. S.: Bull. U. S. Army M. 
Dept. 7:403, 1947. 

838. Glass, S. J.; Edmondson, H. A., and Soll, S. N.: J. Clin. Endocrinol. 4:54, 1944. 

839. Cantarow, A.; Paschkis, K. E., and Rakoff, A. E.: Science 101:558, 1945. 

840. Burrows, H., in Burrows, H., and Horning, E. S.: Ocestrogens and Neoplasia, Spring- 
field, Il1., Charles C Thomas, Publisher, 1952, p. 189. 

. Nathanson, I. T.: Surgery 16:108, 1944. 

. Tagnon, H. J., and Trunnell, J. B.: Cancer 1:472, 1948. 

. Hall, J. W., and Shao-Chien Sun: Cancer 4:131, 1951. 

. Evans, J. M.; Young, J. P.; Hertz, R.; Tullner, W. W.; Wilmer, G., and Wood, O.: 

in. Endocrinol. 12:495, 1952. 

. Speert, H.: Cancer 2:597, 1949. 

. Brewer, J. L., and Foley, T. J.: Obst. & Gynec. 1:67, 1953. 

. Goldhaft, A. D.: Hearing Before the House Select Committee to Investigate Use of 
Chemicals in Food Products, House of Representatives, 81st Congress, Pt. 2, 1950, p. 811. 

848. States of Cosmetics Containing Hormones, Council on Pharmacy and Chemistry, J. A. 

M. A. 228:515, 1945. 
. Moore, C. R.; Lamar, J. K., and Beck, N.: J. A. M. A. 218:11, 1938. 
. Hormone Creams, Queries and Minor Notes, J. A. M. A. 140:368, 1949. 
. Eller, J. J., and Eller, W. D.: Arch. Dermat. & Syph. 59:449, 1949. 
. Shapiro, I.: J. Clin. Endocrinol. 12:751, 1952. 
. Goldberg, M. B., and Harris, F. I.: J. A. M. A. 180:790, 1952. 
. Fitzsimmons, M. P.: J. Indust. Med. 1:235, 1944. 
. Scarff, R. W., and Smith, C. P.: Brit. J. Surg. 20:116, 1942. 
. Toxic Effects of Estrogens, Queries & Minor Notes, J. A. M. A. 144:79, 1950. 
. Goldzieher, M. A., and Goldzieher, J. W.: J. A. M. A. 140:1156, 1949. 
. Inhalation of Diethylstilbestrol, Correspondence, J. A. M. A. 141:738, 1949. 
. Kennedy, B. J., and Nathanson, I. T.: J. A. M. A. 152:1135, 1953. 
. Geist, S. H., and Salmon, U. J.: Am. J. Obst. & Gynec. 41:29, 1941. 
. Terp, A.: Ugesk. leger. 112:1277, 1950. 
. Novak, E.: J. A. M. A. 125:98, 1944. 
. Speert, H.: Cancer 1:584, 1948. 
. Riehm, H., and Stoll, P.: Geburtsh. u. Frauenh. 12:985, 1952. 
. Fremont-Smith, N.; Meigs, J. V.; Graham, R. M., and Gilbert, H. H.: J. A. M. A. 
, 1946, 
. Vass, A.: Am. J. Obst. & Gynec. 58:748, 1949. 
. Stokes, E. M.: West. J. Surg. 86:494, 1948. 
. Alvarez, W. C.: Mod. Med. 20:69, 1952. 
. Kimbrough, R. A., and Israel, S. L.: J. A. M. A. 138:1216, 1948. 
. Novak, E.: Am. J. Surg. 823:149, 1951. 
. Novak, E.: J. A. M. A. 185:199, 1947 
. Novak, E.: J. A. M. A. 184:217, 1954. 


af 
> 
i j 


ENVIRONMENTAL CANCER 


. Randall, C. L.: J. A. M. A. 127:20, 1945. 


. Habel, J. M., Jr.: Virginia M. Month. 75:517, 1948. 


. Hertig, A. T.; Sommers, S. C., and Bengloff, H.: Cancer 2:964, 1949. 

. Gusberg, S. B.: Am. J. Obst. & Gynec. 54:905, 1947. 

. Jiptner, W.: Med. Klin. 46:1, 1951. 

. Waterman, G.; Raphael, S. L., and Moskosky, W.: Am. J. Obst. & Gynec. 64:1073, 1952. 
. Dockerty, M. B.; Lovelady, S. B., and Foust, G. T.: Am. J. Obst. & Gynec. 61:966, 1951. 
. Dockerty, M. B., and Mussey, E.: Surg., Gynec. & Obst. 98:161, 1951. 

. Dockerty, M. B., and Masson, J. C.: Proc. Staff Meet., Mayo Clin, 23:63, 1948. 

. Freire, M. A.: Rev. Fac. cien. méd. 9:453, 1951. 

. Ingram, J., and Novak, E.: Am. J. Obst. & Gynec. 61:774, 1951. 

. Munnell, W.: Cancer §:1128, 1952. 

. Diddle, A. W.: Cancer §:215, 1952. 

. Laffargue, P.; Luscan, R., and Laverne, P.: Bull. cancer 39:290, 1952. 

. Miller, H. G.: Ztschr. Geburtsh. u. Gynak. 134:167, 1951. 

. Sommers, S. C.; Hertig, A. T., and Bengloff, H.: Cancer 2:957, 1949. 

. Estrogens and Cancer of Uterus, Queries and Minor Notes, J. A. M. A. 149:1264, 1952. 
. Scully, R. E.: Am. J. Obst. & Gynec. 65:1248, 1953. 

. Taylor, H. C.: Surgery 16:91, 1944. 


. Lacassagne, A.: Les cancers produits par des substances chimiques endogénes, Paris, 


Librairie Scientifique Hermann & Cie, 1950, p. 170. 


893. 
894. 
895. 
896. 
897. 
898. 
899. 
900. 
901. 
902. 
903. 
904. 
905. 


Auchincloss, H., and Haagensen, C. D.: J. A. M. A. 114:1517, 1940. 

Parsons, W. H., and McCall, E. F.: Surgery 9:780, 1941. 

Hurxthal, L. M., and Smith, A. T.: New England J. Med. 247:339, 1952. 
Entz, E. H.: J. Urol. $9:1203, 1948. 

Gibba, A.: Urologia 19:180, 1952. 

Darget, R.: Bull. et mém. assoc. franc. urol. 1946. 

Campbell, J. H., and Cummins, S. D.: Cancer 4:303, 1951. 

Jakobsen, A. H. I.: Acta path. et microbiol. scandinav. 31:61, 1952. 

Riehm, H., and Stoll, P.: Geburtsh. u. Frauenh. 12:985, 1952. 

Claisse, M. R., and Daymas, Bull. et mém. Soc. méd. hop. Paris 67:1137, 1951. 
Abramson, W., and Warshawsky, H.: J. Urol. 59:76, 1948. 

McClure, J. A., and Higgins, C. C.: J. A. M. A. 146:7, 1951. 

Twombly, G. H., in Gordon, E. S.: A Symposium on Steroid Hormones, Madison, Wis., 


University of Wisconsin Press, 1950. 


906. 
907. 
. Corbett, D. G., and Abrams, E. W.: J. Urol. 64:377, 1950. 


Allaben, G. R., and Owen, S. E.: J. A. M. A. 112:1933, 1939. 
Reimann-Hunziker, G.: Helvet. chir. acta 15:242, 1948. 


. Gardini, G. F.: Oncologia 1:129, 1948. 

. Howard, R. R., and Grosjean, W. A.: Surgery 25:300, 1949. 
. McClure, J. A., and Higgins, C. C.: J. A. M. A. 146:7, 1951. 
. Liebegott, G.: Klin. Wehnschr. 26:599, 1948. 

. Liebegott, G.: Beitr. path. Anat. 112:235, 1952. 

. Bauer, K. H.: Arch. klin. Chir. 267:548, 1951. 

. Hertz, R.: Cancer Res. 11:393, 1951. 

. Butenandt, A.: Deutsche med. Wchnschr. 75:5, 1950. 

. Charache, H.: Surgery 33:385, 1953. 

. Zondek, B.: Acta radiol. 28:433, 1947. 

. Walther, H. E.: Krebsmetastasen, Basel, Benno Schwabe & Co., 1948, p. 560. 


. Eisen, M. J.: Cancer Res. 2:632, 1942. 


. Meersseman, F., and Maisin, J.: Acta Unio internat. cancr. 7:330, 1951. 

. Geschickter, C. F., and Byrnes, E. W.: Arch. Path. 33:334, 1942. 

. Lisco, H., and Biskind, G. R.: Endocrinology 29:772, 1941. 

. Huggins, C., and Johnson, M. A.: J. A. M. A, 185:1146, 1947. 

. Kirkman, H., and Bacon, R. L.: J. Nat. Cancer Inst. 18:745, 1952. 

. Dunning, W. F.; Curtis, M. R., and Segaloff, A.: Cancer Res. 7:511, 1947. 


875 
876 4 
877 
879 
830 
¢ 881 
883 
884 
885 
886 
887 
888 
891 
909 
910 
911 
912 
913 
‘ 914 : 
915 
916 
917 
918 
920 
922 
923 
924 
925 
926 
927 
523 
7 


Scientific Exhibits 


INTRACRANIAL METASTASIS FROM CARCINOMA OF THE LUNG 


BELA HALPERT, M.D. 


WILLIAM S. FIELDS, M.D. 
AND 


MICHAEL E. DE BAKEY, M.D. 
HOUSTON, TEXAS 


LTHOUGH it is generally conceded that metastasis to the brain from car- 
cinoma of the lung is of frequent occurrence, information has not been avail- 
able as to how often it occurs in a substantial number of consecutive cases. During 
a period of three and one-half years exactly 100 necropsies were performed on 
patients with carcinoma of the lung, and in 92 of these the brain was included in 
the examination. We undertook an analysis of these cases to provide answers to 
the following specific questions: What cell type of carcinoma is most likely to 
metastasize to the brain? How often does carcinoma of the lung metastasize to the 
brain? Why should there be a thorough neurological examination of patients with 
carcinoma of the lung ? 


All the patients were men; 85 were white, and 15 were Negro. They ranged 
in age from 23 to 76 years, and 76 were in the sixth decade of life or older. Intra- 
cranial metastasis had occurred in 30 of the 92 patients whose brains had been 
examined at necropsy ; of these, 2 were in the third decade, 3 in the fourth, 4 in the 
fifth, 14 in the sixth, and 7 in the seventh. 


From the departments of Pathology, Psychiatry and Neurology, and Surgery, Baylor Uni- 
verity College of Medicine, and the Veterans Administration Hospital. 

Shown as a scientific exhibit of the Section on Pathology and Physiology at the 103rd 
Annual Meeting of the American Medical Association, San Francisco, June 21-25, 1954. 
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What cell type 
4 mor likely 


to metdstasize 


to the brain 


F. P., 50, admitted 4/11/52, died 5/1/52 
Symptoms: pulmonary, 9 months; C. N. S., 6 weeks 
biopsy, bronchoscopic, 4/15/52 
Clinical Impression: carcinoma of lung with eerebral metastasis 

The left lung weighed 1,160 gm. It contained a neoplastic mass 8 em. 
in diameter in the upper lobe emanating from the bronchial branch. 

The brain weighed 1,615 gm. On frontal cut surface 2 cm. posterior to 
the optic chiasm there was a neoplastic area 4 x 3 cm. in the left thalamus 
that pushed the third ventricle to the right. 


C. F. P., 28, admitted 1/2/52, died 8/14/52 
Symptoms: pulmonary, 12 months; C. N. S., 3 weeks 
biopsy, supraclavicular lymph node, 1/5/52 
Clinical Impression: carcinoma of lung with cerebral metastasis 

The right lung weighed 900 gm. In the upper lobe near the hilus there 
was a nodular neoplastic mass 6 cm. in diameter. 


The brain weighed 1,625 gm. In the region of the infundibulum there 
was a neoplastic mass 1.5 x 1.2 em. compressing and distorting the 
optic chiasm. On frontal cut surfaces 6 cm. posteriorly there was a globular 
neoplastic mass 3 cm. in diameter in the right hemisphere. 


Carcinoma, squamous cell, of lung, 
metastatic in brain; x60 

ANATOMIC DIAGNOSIS: 

Carcinoma, squamous cell, of lung, 
left, upper lobe, with extension 
to pleura, pericardium and 
heart, and metastasis to hilar 
lymph nodes cerebral 
hemisphere, left 

Bronchitis and _ bronchiolitis, 
chronic and acute 

Nephrosclerosis, arterial 

Cardiac hypertrophy 


Carcinoma, vamous cell, of 
lung, metastatic in brain; x 60 
ANATOMIC DIAGNOSIS: 

Sear of operation: biopsy of supra- 
clavicular lymph node, right 
(8-21-52) 

Carcinoma, squamous cell, of lung, 
right, with metastasis to re- 
gional lymph nodes, medias- 
tinum, suprarenal gland, and 
cerebral hemispheres 

Fibrous pleural and pericardial ad- 
hesions 


Pneumonia, focal, bilateral 


Ancient sear of operation: appen- 
dectomy 
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H. KR. L., 37, admitted 12/3/49, died 
9/25/50 

Sy t : pul y,13 ths ; 
S., none 

Operation: biopsy, 
lymph node, 2/3/ 

Clinical Impression: carcinoma of 
lung, right, with generalized 
metastasis 

The right lung weighed 480 gm. 
Emanating from the upper bron- 
chial branch there was a neoplastic 
mass 3 cm. in diameter. 

The brain weighed 1,480 gm. On 
frontal cut surfaces of the cerebral 
hemispheres at the level of the optic 
chiasm there was a neoplastic mass 

x 1.5 em. in the left cerebral 
hemisphere in the region of the 

obus pallidus. On the cut sur- 

aces 2 cm. pany there was 
another nodule, 1 « 0.5 em. in the 
corpus callosum on the right. 


M. MeC., 39, admitted 6/30/50, 
died 12/5/50 


Syangtomes pulmonary, 7 years; 
» N.S. 5 weeks 

Operation: craniotomy, left fronto- 
parietal, 9/25/50 

Clinical Impression: carcinoma of 

lung with cerebral metastases 

The left Jans weighed 650 gm. 


In the lower lobe there was a neo- 
plastic mass 7 cm. in diameter 
emanating from the lower bron- 
chial branch. 

The brain weighed 1,650 gm. On 
frontal cut surfaces of the cerebral 
hemispheres posterior to the optic 
chiasm there was a neoplastic mass 
3.5 x 3.5 em. In the right temporal 
lobe. There were also neoplastic 
nodules in both occipital lobes. 


B. 56, admitted 11/24/51, 
died 12/26/51 

pulmonary, none; C. 
N. S., 10 weeks 

Operation: none 


Clinical Impression: carcinoma of 
lung with metastasis to cer- 
ebral hemisphere, right 

The right lung weighed 1,340 gm. 
Emanating from the upper bron- 
chial branch there was a neoplastic 
mass 5.5 cm. in diameter. This was 
contiguous with a cavity 7 cm. in 
diameter, containing purulent ma- 
terial. 

The brain weighed 1,725 gm. On 
frontal cut surfaces just posterior 
to the optic chiasm there was a 
neoplastic mass 3 x 2.8 cm. in 
the right frontal lobe. There was 
a neoplastic nodule 2 xk 4 em. in 

left parieto-occipital region. 
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How often does 


carcinoma of lung 


Carcinoma, squamous cell, of 

lung, metastatic in brain; x 60. 

The penenas and pattern closely 

resem reserve cells. 

ANATOMIC DIAGNOSIS: 

Sear of operation: biopsy of supra- 
clavicular lymph node, right 
(S-154-50) 

Carcinoma, squamous cell, of lung, 


Carcinoma, squamous cell, of 
lung, metastatic in brain; x 60. 


ANATOMIC DIAGNOSIS: 

Sear of operations: craniotomies 
for carcinoma, metastatic, pari- 
etal region, left (S-1036-50) ; de- 
compression (S-1449-50); bron- 
chial biopsy (S-1010-50) 

Carcinoma, squamous cell, of lung, 

left, lower lobe, with metas- 


Carcinoma, squamous cell, 

lung, metastatic in brain; x 

ANATOMIC DIAGNOSIS: 

Carcinoma, squamous cell, of lung, 
right, with metastasis to cer- 
ebral hemispheres 

Fibrous pleural adhesions, bilateral 


of 
60 


to the 


right, with metastasis to re- 
gional and _ retroperitoneal 
lymph nodes, lung, left, liver, 
pancreas, suprarenal glands, 
kidneys, and cerebral and 
cerebellar hemispheres 

Ascites and hydrothorax, bilateral 

Dermatitis of chest wall (irradia- 
tion) 


tasis to regional yee nodes 
and cerebral hemispheres 

Atrophy of extremities, right 

Bronchitis, chronic and acute, with 


bronchiectasis, lower lobe, left 
Emphysema, bilateral. Emaciation 
Ancient scar of operation: appen- 
dectomy 
Azygos lobe of lung, right 
Accessory spleen 


Chronic passive congestion of vis- 
cera with pneumonia, focal, 
organizing, right 

Emaciation 

Cholecystitis, chronic, with che- 
lesterolosis and papil- 
lomata of gall-bladder mucosa 
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S. M. C., 62, admitted 10/24/50, died 
7/13/51 

men pulmonary, none; C. 

. S., 18 months 

Operation: none 

Clinical Impression: Marie's cer- 
ebellar ataxia -— parenchyma- 
tous cerebellar degeneration; 
carcinoma of lung with vis- 
ceral metastasis 

The lungs together weighed 2,100 

». Emanating from left upper 
bronchial branch there was a neo- 
plastic nodule 2.5 x 1.5 em. The 
neoplastic infiltration extended 
along the left bronchus to the right 
bronchus. 

The brain weighed 1,320 gm. On 
frontal cut surfaces of the cerebral 
hemispheres 4 cm. posterior to the 
frontal poles there were two neo- 
plastic nodules, 2 and 1 em. in 
diameter, in the left frontal lobe. 
There was a similar nodule in the 
right temporal lobe. A neoplastic 
mass 1.7 x 1.2 em. was in the an- 
terlor portion of the vermis cer- 
ebelli. 


J. F. D., 61, admitted 6/8/51, died 
12/4/51 


Symptoms: pulmonary, none; C. 
S., 6 months 
Operation: craniotomy, right pari- 
etal, 6/20/51 
Clinical Impression: intracranial 
neoplasm, metastatic, probably 
from lung 

The right lung weighed 860 gm. 
Emanating from the lower bron- 
chial branch there was a neoplas- 
tle mass 5 cm. in diameter. 

The brain weighed 1,480 gm. On 
frontal cut surfaces just anterior 
to the splenium of the corpus cal- 
losum there was a neoplastic mass 
5 = 5 em. in the right parietal area. 
A nodule 1.5 em. in diameter was 
located in the left occipital lobe. 


A. P. McB., 65, admitted 11/26/51, 
died 12/25/51 

Symptoms: pulmonary, none; C. 

. S., 7 weeks 

Operation: none 

Clinical Impression: carcinoma of 
lung, left, with metastases to 
cerebellar and cerebral hemi- 
spheres 

The left 650 gm. 
In the upper lobe there was a neo- 
plastic mass 5 x 5 em. 

The brain weighed 1,480 gm. 
There was a neoplastic mass 
5 x 3.5 em. tn the left cerebellar 
hemisphere. There was no neoplas- 
tie involvement elsewhere. Marked 
internal hydrocephalus was noted. 
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Carcinoma, reserve cell, of lung, 

metastatic in brain; x 60 

ANATOMIC DIAGNOSIS: 

Scar of operation: biopsy of lymph 
node, cervical, left (S-791-51) 

Carcinoma, reserve cell, of lung, 
left, upper lobe, with extension 
to lung, right, and pleurae 

Metastasis to lymph nodes, skin, 
heart, spleen, liver, pancreas, 
suprarenal glands, kidneys, 
prostate, thyroid and, hy- 
pophysis, dura, cerebral hemi- 


Carcinoma, columnar cell and 
squamous cell, of lung, metastatic 
in brain; x 
ANATOMIC DIAGNOSIS: 
Sear of operation: craniotomy, 

right, for carcinoma, metasat 

to brain (S-1012-51) 
Carcinoma, columnar cell and 

squamous cell, of lung, right, 


Carei q cell, of 
lung, metastatic in brain; x 60 
ANATOMIC DIAGNOSIS: 
Carcinoma, squamous cell, of lung, 

left, upper lobe, with metas- 
tasis to cerebellum, left 


spheres and vermis cerebelli, 
ileum, colon, and peritoneum, 
with compression of ureter, 
right, and hydronephrosis 

Bronchitis and bronchiolitis with 
pneumonia, focal, bilateral 

Emaciation with fatty change of 
liver 

Sear of operation: subtotal resec- 
tion of stomach for ulcer 
(S-1670-50) and gastrojejunos- 
tomy 


with metastasis to regional 
lymph nodes cerebral 
hemispheres 

Chronic passive congestion of vis- 
cera 

Pneumonia, focal, bilateral, with 
abscesses 


Fibrous pleural adhesions, bilateral 


Pneumonia, focal, with abscesses 
of lung, right 


Fatty change of liver, slight 
Hyperplasia of prostate 


Ancient scar of operation: gastro- 
jejunostomy 


a 
In 100 consecutive mele patients in 
92 of whom the brein wes exemined 
postmortem 30 hed metastasis -or 
ons in three. 
Na 
p AGE INCIDENCE wen 65% 
: 


Why a thorough 
neurological exam- 
ination (@f patients 
with carcjrioma of 
lung... 


P. H., 44, admitted 10/17/51, died 1/10/52 

Symptoms: pulmonary, 12 months; C. N. S., 1 month 
Operation: biopsy, bronchoscopic, 11/2/51 

Clinteal Impression: carcinoma of lung; pulmonary tuberculosis 

The right lung weighed 900 gm. Emanating from the right main bronchus 
there was a neoplastic mass 7.5 « 5.5 em. 

The brain weighed 1,135 gm. On frontal cut surfaces of the cerebral 
poeap eres just posterior to the optic chiasm there was a neoplastic mass 
2 « 1.5 em. in the left temporal lobe. A similar nodule, 1 x 1 cm., was 
in the right lenticular nucleus. The rostral portion of the medulla oblongata 
was almost completely replaced by a neoplastic mass 1.2 cm. in diameter. 


c. W. D., 54, admitted 10/18/50, died 12/11/50 
Symptoms: pulmonary, 11 months; C, N. S., none 
Operation: lobectomy, left upper lobe, 7/4/50 
Clinical Impression: carcinoma of lung, left, with metastases 

The left lung weighed 600 gm. Emanating from the upper bronchial branch 
there were several neoplastic nodules up to 2 em. in diameter 

The brain wetened, 1,830 gm. On frontal cut surfaces just anterior to the 
eptic chiasm there was a neoplastic mass 3.5 x 2.5 cm. in the right frontal 
lobe. A similar mass 1.5 x 1.5 cm. was in the right caudate nucleus. On the 
cut surfaces 4 cm. steriorly there was a neoplastic mass 2 « 1.5 em. in 
the left thalamus. ere was a nodule 2 x 1 cm. in the inferior portion of 
the cerebelli. 


Particularly essential 
when surgical interven- 
tion with curative intent 
is contemplated. Neuro- 
logical symptoms may 
precede pulmonary 


symptoms. 
(10% of this series ) 


Carcinoma, reserve cell, of lung, 
metastatic in brain; 
ANATOMIC DIAGNOSIS: 
Carcinoma, reserve cell, of lung, 
right, with metastasis to re- 
gional lymph nodes, pancreas, 
suprarenal glands, cerebral 
hemispheres, and medulla ob- 
longata 

Chronie pulmonary 
right, lower lobe 

Bronchiectasis, bilateral 


tuberculosis, 


Carcinoma, uamous cell, 
lung, metastatic in brain; x 60 
ANATOMIC DIAGNOSIS: 


Scar of operation: segmental lo- 
bectomy, left upper lobe, for 
carcinoma of lung (Scott & 
Clinic, Temple, Texas, 
7-4-50) 

Recurrent care 
cell, of lung, left, with hemo- 
thorax and metastasis to lung, 
right, pleura, diaphragm, liver 
suprarenal glands, cerebral 
ere and vermis cer- 
e 


Emphysema of lung, right 
Chronic passive congestion of vis- 
cera with hydrothorax, right 
Pneumonia, focal, right 
Hemorrhage into gastrointestinal 
tract 
Cortical 
gland 
Prostatitis, chronic 


adenoma of suprarenal 


as 
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News and Comment 


Death Notice.—Miss Maud Slye died in Chicago on Sept. 17, 1954, at the age of 75. She had 
retired from the University of Chicago in 1945, after forty years of investigations, particularly in 
collaboration with Dr. H. Gideon Wells and Miss Harriet F. Holmes, on the genetics and 
pathology of cancer in mice. These investigations had a marked influence on the development of 
cancer research. Many thousands of tumors were produced and classified microscopically. She 
received the Gold Medal of the American Medical Association in 1914, the Ricketts Prize in 1915, 
and the Gold Medal of the Radiological Society of North America in 1922. 


Death.—Dr. Stuart Graves, Dean Emeritus and Professor Emeritus of Pathology at the 
Medical College of Alabama, Birmingham, died on July 14, 1954, at the age of 75. Dr. Graves 
was Professor of Pathology at Alabama from 1928 to 1947. Previously he had been Professor 
of Pathology and Bacteriology at the University of Louisville School of Medicine, as well as 
dean. He was a fellow of the American College of Physicians and had been Acting Assistant 
Surgeon for the United States Public Health Service. He was given the LL.D. degree from 
the University of Alabama in 1937. 


Death Notice.—Dr. Donald Charles Beaver, Clinical Professor of Pathology at Wayne 
University College of Medicine, Detroit, died on Aug. 10, 1954, at the age of 59. Dr. Beaver was 
a founding fellow of the College of American Pathologists. He was a member of the American 
Association of Pathologists and Bacteriologists and the American Society of Clinical Pathologists. 
He was a founder, and at the time of his death was president, of the Detroit Institute of Cancer 
Research. For many years he had been a member of the administrative board, and consultant of 
the Michigan Tumor Registry. 


NOTICE 


The Annual Meeting of the American Medical Association will be held in Atlantic City, 
June 6-10, 1955. Physicians hoping to take part in that meeting should communicate with their 
Section officers as early as possible. Deadlines have been set, after which applications will be 
considered only if there are withdrawals in the program. 


DEADLINE FOR SECTION PAPERS, Dec. 15, 1954 
DEADLINE FOR SCIENTIFIC EXHIBIT, Jan. 10, 1955 
Communications should be addressed to the following : 


Section on Pathology and Physiology 
Secretary—Edwin F. Hirsch, M.D., 1439 So. Michigan Ave., Chicago 5, II. 


Representative to Scientific Exhibit—Frank B. Queen, M.D., 3181 S.W. Sam Jackson Park 
Road, Portland 1, Ore. 


SCIENTIFIC EXHIBITS 
The A. M. A. Arcuives or PatHo.ocy is pleased to introduce in this issue a new feature 
called “Scientific Exhibits.” 


This feature attempts to preserve in more permanent form some of the instructive Scientific 
Exhibits that are presented at the Annual Meetings of the American Medical Association. 
Although thousands of physicians attend the Annual Meetings, viewing and studying the scientific 
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exhibits at first hand, other thousands are unable to attend. For the first time, the latter group is 
now given the opportunity to see the exhibits reproduced in the pages of the various A. M. A. 
Specialty Journals. 


While it is at present impossible to publish all the Scientific Exhibits presented at each 
Annual Meeting of the American Medical Association, it is feasible ‘to select a representative 
few for the purpose of introducing the new feature to the readers of this periodical. Should 
“Scientific Exhibits” be well received, it is planned to expand the new department in future 
issues of the A. M. A. Arcuives or PatHo.tocy. 


CORRECTION 


The 10th line of the article, “Carcinoma of the Testes Metastatic From Carcinoma of the 
Prostate,” by Drs. Saul Kay, G. R. Hennigar, and J. W. Hooper Jr., on page 121 of the 
February, 1954, issue of the Arcuives should read as follows: “Willis lists three pathways 
by which testes may receive metastatic tumors :” 
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PARAGON STAINS PARAMOUNT QUALITY 


PARAGON STAINING SOLUTIONS 


For Tissue Sections 


Dependable—Today; Tomorrow; Every Day 


With Paragon Staining Solutions you obtain superbly stained tissue sections. The brilliance 
and sharpness of the stain without diffusion or unpredictable characteristics greatly facilitates 


HEMATOXYLIN STAIN—PARAGON (aqueous alum hematoxylin). Made from our 
own formula. Yields vivid, sharply stained blue nuclei that are really blue—not off color or 
muddy. Extremely sharp staining and selective with no diffusion. Full bodied and strong. For 
a given staining time, repeatedly duplicates depth of staining from slide to slide—every day. 
PS1101 Bottle (500 cc) $2.25 


EOSIN STAIN—PARAGON (alcoholic). A special eosin com of our own prepa- 
ration. Produces deep brilliant red counterstains. Packed in two forms—ready to use and 
concentrated (requiring the addition of 3 parts of 95% alcohol). 
PS1201D Bottle (500 cc) ready to use $2.25 
PS1201 Bottle (250 cc) for 1000 cc 3.00 


ELASTIC FIBER STAIN—PARAGON. Our own resorcin-fuchsin modification of Wei- 

gert’s Elastic Fiber Stain. Relieves the laboratory of the laborious work involved in the prep- 

aration of this important stain. Stains sharply with no diffusion into other tissue components. 
PS1225 Bottle (250 cc) $2.65 


VAN GIESON STAIN—PARAGON. Especially designed to uce brilliant differential 
counterstaining with less tendency to wash out in rinsing alcohols. 


PS1250 Bottle (250 cc) $1.50 


PARAGON MULTIPLE STAIN FOR FROZEN SECTIONS. Invaluable to the Pathol- 
ogist where seconds count and the Surgeon waits for the diagnosis. A single solution which 
stains instantaneously yielding a hematoxylin-eosin like picture. No special technic. With 
Paragon Mounting Medium For Frozen Sections (water soluble) section is stained, mounted 
and under microscope in less than one minute. 


PS1301 Paragon Multiple Stain For Frozen Sections Bottle (50 cc) $2.00 
P451 Paragon Mounting Medium For Frozen Sections Bottle (25cc)  .50 


Request samples on your institution letterhead. 
Write for fully descriptive catalog number 1049 A which includes a descriptive section on staining technics. 


All prices F. O. B. New York, New York, subject to change without notice. 


Manufactured exclusively by 


PARAGON C. & €. CO., inc. . 2540 Belmont Ave., New York 58, N. 


Cable Address: Wijeno, New York. 


Write for details on the following Paragon Staining Solutions: 

ACID FAST BACTERIA STAIN @ CRYSTAL VIOLET STAIN ® GRAM’S IODINE SOLUTION 
SAFRANIN STAIN @ LOEFFLER’S ALKALINE METHYLENE BLUE ® ZIEHL-NEELSEN STAIN 
WRIGHT'S STAIN ® BUFFER SOLUTION FOR WRIGHT'S STAIN 


ary 
gnosis. 
et 
4 
a 
j \ 
| 


STAINLESS STEEL POSTMORTEM TABLES 


.... built by metal craftsmen 


MACMAHON AUTOPSY & DISSECTING TABLES 
(Designed by Dr. H. Edward MacMahon, Pathologist, New England Medical Center, Boston) 


These Tables ide a clean, sturdy working surface with the necessary utilities 


conveniently located. 


Standard equipment includes hose with moveable arm, suction apparatus, knee controls 


and sink. 


Optional features — electric suction pump and graduation of table top edge in centimeters. 
Further information and complete detailed specifications on this and other standard 


models are available on request. 


Write to Dept. H 


MARKET FORGE COMPANY 


e Everett 49, Massachusetts 


Reconditioned Microscopes 


All Standard Makes 
B & L—— Spencer Leitz —— Zeiss 


Spencer Vertical Binc. Research 
Circular Stage 


Graduated Mechanical Stage 
Complete with Apochromats $425.00 


Spencer 820 Microtome 
(like new) $525.00 


B & L Clinical Freezing Microtome 
(like new) $225.00 


Pre-Med Types from $175.00 


Various Accessories—What are your needs? 


GUARANTEED REPAIRS 
Free estimates 48 Hr. Service 


Monroe Microscope Service 
P.O. BOX 656 
ROCHESTER 2 NEW YORK 


Of interest to you 


and your patients 
THE MENACE OF ALLERGIES 


by Karl D. Figley 
8 pages, 15 cents 
ASTHMA, A PROBLEM IN PREVENTION 
by Alene S. and Robert P. Little 
12 pages, 15 cents 
WHAT WE KNOW ABOUT ALLERGY 
by Louis Tuft 
12 pages, 15 cents 
PROTECTING YOUR CHILD FROM ALLERGY 
by William Gayle Roberts 
8 pages, 15 cents 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN * CHICAGO 10 
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there’s a better way to get a “normal’’ 


Diagnostic Plasma Warner-Chilcott is a new lyophilized 
normal plasma that saves laboratory workers from the col- 
lector of “normal” blood. This economical preparation also 
brings greater confidence to technicians responsible for 
accurate prothrombin time determinations. It’s a depend- 
able standard, and as unvarying as is physically possible. 
Keep a supply on hand, especially for night or emergency 
requirements, 


Diagnostic Plasma | 


WARNER-CHILCOTT 


Available at leading laboratory supply houses. Write for 
name of your local supplier. 
Supplied in boxes of ten 0.5 cc. vials, $9.00. 


WARNE R-CHILCOTT 
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In Myocardial Infarction 


C-Reactive-Protein Antiserum — Schieffelin 
A highly sensitive test for presence of inflammation 


® Investigators have found this test to be consistently negative in cases of 
cardiac insufficiency uncomplicated by myocardial infarction and inflam- 
mation.’ 


based upon presence of specific C-reactive protein in serum of patients 
with certain inflammatory diseases — characteristic precipitin reaction 
develops upon addition of C*R*P*A to serum of such patients. . . 
C-reactive protein is never found in normal serum.* 


simple, economical, routine laboratory procedure that has been demon- 
strated to be the most consistently positive test in the presence of rheu- 
matic activity’ . . . often reveals presence of subclinical inflammatory 
reactions . . . detects relapse or recurrence of inflammatory disease . . . 
and aids in gauging adequacy of therapeutic regimens. 


“False positive tests do not occur since CRP is not present, even in trace 


amounts, in normal sera’ . . . accurate qualitative reading may be made 
within 30 minutes . . . preliminary quantitative estimate obtained within 


2 hours. 


For detailed instructions on the materials and techniques required for the 
use of C*R*P*A —Schieffelin, just send us a request and we will mail 
you a descriptive brochure. 


. Kroop, I. G. and Shackman, N. H.: Proc. Soc. Exper. Biol. & Med. 86:95 (May) 1954 
. Wood, H. F., and McCarty, M.: J. Clin, Investigation 30:616 (June) 1951. 


. Stollerman, G. H., et al.: Am. J. Med. 15:645 ( Nov.) 1953. 
Ci > . Hedlund, P.: Acta med. Scandinav., Supplement 196:579, 1947. 
Supplied: | cc. vials (30-40 determinations ) 
Schiiffelin ge Eo., Pharmaceutical and Research Laboratories since 1794 


18 Cooper Square, New York 3, N.Y. * trademark 
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Highly Praised By Leading Pathologists 


UMECO BINOCULAR MICROSCOPE 


Model E3N 


UMECO's Laboratory Mo- 
nocular Microscope, Research 


Imported. Manufactured in Japan to our specifi- Binocular Microscope, and 
cations. Meets highest American Standards. Greenough Type Stereo-micro- 


: scope all are “Accepted for 
Fully guaranteed. Factory prices, saves up to advertising in publications of 


50%. the A. M. A.” 


Range with 
Binocular Body 
WX to 2250X 


UMECO OUTSTANDING FEATURES 

Calibrated Mechanical Stage to 0.1 mm. ABBE 

3-lens Condenser N. A. 1.4. Graduated Decen- 

tering device. Research Type Substage. Quad- "ag 
ruple nosepiece. Heavy, sturdy base. Monocular 
Tube of large dimension for photomicrography. 
Exceptionally rigid; precision construction. 
100X Oil Immersion Coated. All optics Achro- 
matic and Coated. 


Thoroughly tested and inspected before delivery. 


Money Back Guarantee. 


White for Complete Information 


UMECO OPTICAL 


f Fow 
In 


technicon ag the 
\ technicon DEHYORANT 
con 


non-hardening: non-dis- 
torting: non-hygroscopic: 
non-volatile: lasts longer 


technicon STAINS 


highly selective: stand- 
ardized characteristics: 
chemically balanced: 
never needs filtering 


These are the members of the Techni- 
con family of standardized histologic 
reagents. Many pathologists consider 
them the closest approach yet made to 
ideal media for routine laboratory use. 


Not least among their outstanding 
characteristics is their common high 
flash point which makes them manda- 
tory for use with Autotechnicon for 
Underwriter’s Laboratory approval. 


For details and speicmen methods, 
let us send you our Bulletin R-2 
“Standardized Histologic Reagents.” 


lec ICON: 


TECHNICON CHEMICAL C 


OMPANY, INC. 


215 East 149 Street, New York 51, N. Y. 


ee 
fine family” to get acquainted with... 
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